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ABSTRACT 
The heavy mineralogy of the New Jersey beach sands shows 
abrupt along-the-coast changes resulting in three mineralogical 
zones; zone 1 (Brigantine Inlet to Cape May Inlet); zone 2 
(Barnegat Inlet to Brigantine Inlet and Cape May Inlet to, and 
including, the Delaware Bay shore); and zone 3 (Sandy Hook to 
Barnegat Inlet).  Factor analysis results indicate that zone 1 
sands are relatively rich in hornblende and hypersthene, zone 2 
sands contain a relatively high percentage of black opaque minerals 
and tourmaline, and zone 3 sands are characterized by relatively 
large quantities of glauconite and collophane.  The immediate 
source for the sand of zone 3 beaches, and the beaches of Cape May 
and the Delaware Bay shore is the coastal formations (Cohansey, 
Kirkwood, Cape May) which are subject to wave attack.  South of 
Barnegat Inlet to Cape May Inlet the beaches are separated from the 
mainland by a lagoon complex.  These barrier beaches are supplied 
exclusively with sand from the continental shelf, na  indicated by 
analysis of the adjacent shelf sands.  The abrupt change in 
mineralogy at Brigantine Inlet is npparencly due to different sources 
of sand on the shelf rather than selective sorting by longshore 
transport.  These two distinct shelf sand sources reflect Pleistocene 
fluvial deposits on the New Jersey coastal plain/continental shelf. 
INTRODUCTION 
Purpose 
This study seeks to determine the immediate source areas and 
sediment transport pathways of the New Jersey beach sands.  Know- 
ledge of the provenance and dispersal patterns of the beach sands 
is fundamental to understanding the problem of beach preservation. 
It is critical that beach management programs reinforce rather than 
impede natural processes. 
Possible immediate source areas for the New Jersey beach sands 
are rivers (Hudson, Raritan, Mullica, Great Egg Harbor, and Delaware), 
coastal headlands (Kirkwood, Cohansey, and Cape May Formations), and 
the continental shelf (including Pleistocene sediments underlying the 
beaches as well as modern shelf sediments).  As Swift (1970) explains, 
"Pleistocene sediments are commonly exposed at the foot 
of many ocean beaches, and major storms frequently cut 
through the beach prism to generate more sediments from 
the underlying Pleistocene (deposits)." 
Previous Work 
The heavy mineralogy of New Jersey beach sands has been studied 
by several investigators, and a large amount of data is available in 
the literature.  However, the data has not been analyzed by multi- 
variate statistical techniques. 
Factors controlling the deposition of heavy minerals have 
been extensively studied by Rittenhouse (1943), and his findings 
form the basis for many subsequent studies. 
MacCarthy (1931) examined the texture of beach sands from 
Montauk, New York, to Georgetown, South Carolina, and noted that 
New Jersey beach sands become finer both north and south of 
Manasquan, New Jersey, suggesting a littoral current divergence 
point (nodal point) in this area.  He also observed that sands 
become coarser in the vicinity of inlets, especially approaching 
Delaware Bay, due to the convergence of littoral and tidal currents 
during both ebb and flood tides.  MacCarthy concluded that sands of 
each coastal segment (i.e. portions of the beach separated by inlets 
or estuaries) form a unit, and transportation of large amounts of 
sand does not occur from unit to unit.  Estuaries, in particular, 
make good barriers to longshore transport. 
Colony (1932) performed the first detailed mineralogical study 
of the New Jersey beach sands.  He studied the Atlantic coast sands 
of Long Island and New Jersey, noted changes in mineralogy along the 
coast, and concluded that the New Jersey beach sands are not related 
to those of Long Island because of differing mineral compositions. 
The New Jersey sands have a mineralogy similar to the New Jersey 
coastal plain sediments, and hence this is their inferred source, 
while the sands of Long Island beaches are of Wisconsinan glacial 
origin.  Colony also states that the New Jersey beach sands are from 
a source "twice removed" because they are reworked detrital matter 
from coastal plain sediments which were ultimately derived from the 
Appalachian region. 
The most complete mineralogical and textural study of New Jersey 
beach sands to date is that of McMaster (195A).  He collected 140 
beach sand samples at one mile intervals from Sandy Hook to Reeds 
Beach, New Jersey, and presented a plethora of size and petrologic 
data.  McMaster found four areas with dissimilar mineral compositions 
along the coast (figure 1):  (1) Sandy Hook to Shark River - the 
"glauconite zone" consists of medium sand which has a heavy mineral 
fraction (specific gravity greater than 2.85 Mg/m ) with 2-37 
percent (by number) glauconite, and a light mineral fraction with 
7-16 percent (by number) glauconite; (2) Shark River to Little Egg 
Inlet - a "black opaque zone," which consists of medium and coarse 
sand, including less than 1 percent (by weight) heavy minerals, of 
which greater than 50 percent (by number) are black opaque minerals. 
This zone has a greater relative abundance of staurolite and zircon, 
and the light mineral fraction includes less than 4 percent (by 
number) feldspar; (3) Little Egg Inlet to Cape May - the "hornblende 
zone" is comprised of fine sand of which greater than 2 percent (by 
weight) are heavy minerals.  There is a predominance of hornblende in 
the heavy mineral fraction, as well as significant amounts of epidote 
and hypersthene.  Feldspar makes up 13 - 22 percent (by number) of 
the light mineral fraction; (4) Cape May to Reeds beach - a second 
"black opaque zone" which has mineral composition and texture similar 
Figure 1.  Sample locations and beach zones of McMaster (1954) 
to the area from Shark River to Little Egg Inlet.  The detailed 
mineralogy of the black opaque minerals was not determined by 
McMaster. 
From his data, McMaster assigns source areas to each of the 
four zones.  In the glauconite zone, headlands south of Sandy Hook 
are subject to wave attack, and hence the Tertiary, Quaternary, 
and Recent formations of the mainland are inferred to contain the 
immediate source material for the beaches.  This conclusion is 
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supported by the fact that the beach sand mineralogy is comparlble 
to that of the mainland formations.  Tertiary formations from 
Asbury Park to Monmouth contain abundant glauconite and hence supply 
the greatest volume of sediment.  McMaster explains that in the 
glauconite zone, sediment is transported predominantly toward the 
north by littoral currents, but storms from the north succeed in 
transporting glauconite in large amounts as far south as Shark River. 
Conditions similar to those of the glauconite zone exist south 
of Shark River to Bay Head (northern black opaque zone) where the 
Cape May Formation (Pleistocene) crops out adjacent to and landward 
of the beaches.  The beach sand mineralogy in this zone is similar 
to the mineralogy of the Cape May Formation, and McMaster concludes 
that this coastal plain formation is the immediate source for the 
beach sands. 
In the southern black opaque zone (Cape May to Reeds Beach) the 
Cape May Formation crops out along the Delaware Bay shore and also 
represents the immediate source material for the beaches of this area. 
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The immediate source of beach sand is not easily defined from 
Bay Head to Cape May (northern black opaque zone and hornblende zone) 
because the beaches are separated from the mainland by lagoons. 
McMaster concludes that the only immediate source for these beach 
sands must be the sediments of the continental shelf.  He supports 
this conclusion with mineralogical data which shows that the inner 
shelf sediments and beach sands have similar composition.  The con- 
tinental shelf sediments in this area, according to McMaster, are 
either Cape May material, glacially derived sediment deposited after 
the Cape May Formation material, or a mixture of these two deposits. 
The beach sands of the black opaque zone are mineralogically similar 
to the Cape May material.  McMaster concluded that hornblende zone 
beach sands, due to their mineralogy and texture, are composed 
essentially of fine grained glacial sands.' 
The sediments are apparently transported southward from Bay Head 
to Cape May, yet McMaster found a fairly abrupt change In mineralogy 
at Little Egg Inlet, which he attributed to selective sorting. 
McMaster concludes that both medium and fine sand are transported in 
the northern area but only the coarser sediments are deposited, yield- 
ing the mineralogy of the black opaque zone from Bay Head to Little 
Egg Inlet.  The fine, glacially-derived sands are transported and 
deposited south of Little Egg Inlet because this is a relatively low 
energy environment (due to a more gradual offshore slope), and this 
selective deposition, he maintains, produced the mineralogy of the 
hornblende zone. 
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Additional mineralogical data were obtained by Biederman (1958). 
He studied beach and dune sands of Stone Harbor and the Barnegat Bay 
areas, and found that the average quartz content in the beach sands 
was 94.9 percent near Barnegat Bay arid only 71.1 percent at Stone 
Harbor.  He also noted that the beach profile was less steep at Stone 
Harbor than near Barnegat Bay (3 degrees beach slope against a 9 degree 
slope), but Biederman'8 study did not deal with the reasons for these 
differences. 
Sherif, et al (1973) used x-ray diffraction to identify heavy 
minerals of New Jersey beach sands, and the results agreed with those 
of McHaster (1954). 
Cataldo (1980) studied coastal sediment transport from Little 
Egg Inlet to Cape May, and concluded on the basis of textural and 
mineralogical data that the continental shelf is an important source 
of beach sand in this area. 
New Jersey coastal plain deposits have been studied by 
MacClintock and Richards (1936), Markewicz (1969), Owens and Sohl 
(1969), and Owens and Mina'rd (1979).  The formations along the 
Atlantic coast of N^w. Jersey have been examined by McMaster (1954), 
and their compositions are outlined in his paper. 
Sediments of the central Atlantic continental shelf have been 
examined by Alexander (1934), Shepard and Cohee (1936), Stetson 
(1938, 1939, 1949), Uchupi (1963), Donahue, et al (1966), Hubert 
and Neal (1967), Uchupi (1968), Stanley (1969), Friedman and Sanders 
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(1970), Milliman (1972), Mllliman, et al (1972), Swift, et al 
(1972), and Frank and Friedman (1973). 
Hydrographic conditions existing on the continental shelf off 
New Jersey have been studied by Bumpus (1965, 1969), Mc.Clennen 
(1973, 1973a), Smith and Lawrence (1975), and Butman, et al (1976). 
The most obvious topographic features of the New Jersey contin- 
ental shelf are the ridges and swales.' They have been examined by 
Duane, et al (1971), McKlnney, et al (1974), Stahl and Koczan 
(1974), Stubblefield, et al (1975), and Stubblefield and Swift (1976). 
Pleistocene drainage patterns have been inferred from the 
presence of buried river valleys on the shelf by Veatch and Smith 
(1939), Ewing, et al (1963), Kelling, et al (1975), Twitchell, 
et al (1977), Knebel (1979), Swift, et al (1980), and Kelley (1981). 
Sampling 
In August of 1979 twenty-eight beach sand samples were taken at 
8 kilometer intervals from Sandy Hook to Reeds Beach, New Jersey 
(figure 2).  Sample locations and beach descriptions are given in 
Appendix I.  At each location 3 subsamples were taken from the high 
tide line.  Heavy minerals are most concentrated at this part of the 
beach because the velocity of the water returning on the ebb is less 
than that on the flood tide, and therefore lighter minerals of a 
given size are removed (Rasmussen, 1941).  The subsamples were spaced 
about 80 meters apart.  Composite samples were made by combining equal 
SANOT HOOK 
12 
MON/movm KACH 
CM* 
\n^C4ff MAT 
Figure 2.     Sample locations. 
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parts by weight of each subsample.  This was done to reduce the 
sampling error, which is a function of the homogeneity of the 
sediment, the location of the sample, and the manner in which 
sampling was done (Krumbein, 1934).   A flat shovel was used to 
scrape off less than one centimeter of surface sediment to insure 
that each sample contained few sedimentation units (Macpherson 
and Lewis, 1978). 
Continental shelf sediments were obtained in May and June, 
1980.  Locations (figure 2) were chosen along two shore-parallel 
traverses on the shelf; one at a depth of about 9 meters and a 
second at 18 meters.  The depth varied greatly within traverses; 
however by this sampling design, mineralogical changes parallel to 
the coast could be determined, and comparisons could also be made 
between the two distances from shore. 
Loran-A was used to locate the shelf sample positions.  The 
samples were taken with a Smith-Maclntyre grab, and were subse- 
quently sealed in plastic bags.  The color of the sediments was 
determined with the aid of a Rock Color Chart (Geological Society 
of America, 1970) based on the Munsell system.  Sample descriptions 
are tabulated in Appendix I. 
In June 1980 three samples were taken from three rivers:  the 
Great Egg Harbor River, the Mullica River, and the Wading River 
(figure 2).  A VanVeen grab sampler was utilized from bridges along 
major roads.  Descriptions of these samples are given in Appendix I. 
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THE GEOLOGY OF THE NEW JERSEY COASTAL REGION 
Coastal Plain 
The coastal plain la the largest geomorphic province of New 
Jersey and includes all of New Jersey southeast of the Piedmont 
province (figure 3).  The coastal plain consists of southeast 
dipping unconsolidated clays, marls, silts, and sands of late- 
Cretaceous and Tertiary age.  Three subprovlnces are recognized; 
an outer lowland, an inner lowland, and a central upland (Wolfe, 
1977). 
The geologic history of the coaatal plain formations (figures 
A and 5) is one of alternating periods of submergence and emergence 
of the land mass.  During the post-Eocene emergence there was 
extensive erosion of the ultimate source areas for the,New Jersey 
beach sands:  the Piedmont lowlands, New Jersey highlands, and 
Valley and Ridge provinces (figure 3) (Wolfe, 1977). 
During middle-Miocene time, seas transgressed over large parts 
of southern New Jersey.  Clay, silt, and sand were deposited as 
the Kirkwood Formation (.figure 4).  Overlying the Kirkwood is the 
Cohansey Formation (Miocene), which was deposited during another 
marine transgression following a brief period of emergence after 
Kirkwood deposition.  The Cohansey Formation consists of clay, 
sand, and gravel. 
The Beacon Hill gravel is of Pliocene age and represents the 
remnants of stream deposits (figure 5) (Wolfe, 1977). 
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Figure 3.  Geomorphic coastal plain provinces in New Jersey (Wolfe, 
1977). 
13 
Figure 4.  Generalized geology of New Jersey (Markewicz, 1969), 
14 
Figure 5.  Post-Miocene geology of New Jersey (Markewlcz, 1969; 
Wolfe, 1977; Owens and Mlnard, 1979). 
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Three Pleistocene glacial stages are recognized in New Jersey; 
Kansan, Illinoisan, and Wisconsinan.  Each is preceeded by an inter- 
glacial stage; Aftonian, Yarmouth, and Sangamon, respectively 
(Wolfe, 1977). 
The Bridgeton Formation was deposited during the Aftonian 
interglacial stage and part of the Kansan glacial stage (figure 5). 
Aa sea level rose during Aftonian time, the Beacon Hill, Cohansey, 
Klrkwood, and older formations were eroded and redeposited along 
the coast by fluvial and shallow marine processes as sand and gravel 
lenses.  Large boulders indicate that ice rafting contributed to the 
Bridgeton Formation during Kansan time, but a dominantly fluvial 
origin is indicated because of horizontal gravel beds, cross strati- 
fication in coarse beds, and lenses of gravel (Wolfe, 1977).  Owens 
and Mlnard (1979) conclude that the Bridgeton was deposited in a 
river channel which migrated from the central upland (figure 3) in 
a southward direction producing the flat southeast sloping surface 
in southern New Jersey.  They indicate that an ancestral Hudson 
River is responsible for the channel. 
The Pensauken Formation (figure 5) was deposited during the 
Yarmouth interglacial stage and part of the Illinoisan glacial stage. 
It is similar to the Bridgeton Formation in composition and fills 
some post-Bridgeton valleys (Wolfe, 1977).  Owens and Minard (1979) 
state that the Pensauken and Bridgeton Formations formed in a 
similar manner, but the Pensauken channel migration occurred on the 
Delmarva Peninsula of Delaware.  The ancestral Hudson is again 
believed to be the river involved. 
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During the Sangamon interglacial stage the Cape May Formation 
(figures 4 and 5) was deposited as sand and gravel lenses at the coast, 
and along present streams and rivers as bordering terraces, natural 
levees, and overbank deposits.  The presence of marine fossils 
within portions of the formation, and its occurrence as river border 
deposits indicates a paralic origin.  The Cape May Formation is 
different from the Bridgeton and Pensauken Formations in composition 
as it lacks weathered chert and feldspar, and soft Triasslc rock 
fragments (Wolfe, 1977). 
The last glacial advance was the Wisconsinan glacial stage 
(75,000-18,000 years B.P.) when northern areas of New 
Jersey were burled by glacial ice.  This advance caused a lowering 
of sea level, and therefore stream erosion in southern New Jersey. 
During the Holocene transgression (18,000-7,000 years B.P.) 
fluvial sediments were redeposited as a sand blanket covering the 
present continental shelf. 
Shore Zone 
In general, the coastline of New Jersey follows a pattern that 
is also seen on the Long Island, Delaware, and Virginia-North 
Carolina coasts.  That pattern consists of an asymmetric coastal 
unit; the northern end has a north-trending spit, to the southwest 
there is a stretch of mainland beach followed by a south trending 
spit, and,finally a barrier island chain (Swift, 1975).  Hayden and 
Do Ian (1979) call this repetitious motif an "ensemble region." 
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They also note an along-the-coast asymmetry where there is a 
"transition between barriers generally (partially) attached to the 
mainland and free standing spits and barriers." 
Various shore forms define the New Jersey coast (figure 2). 
From Sandy Hook in the north to Monmouth Beach there is a northward 
trending spit indicating littoral sand transport in a northward 
direction.  From Monmouth Beach to Bay Head the mainland is separated 
frbm the ocean by a series of narrow mainland beaches.  South of 
Bay Head to Cape May there is a barrier island chain which is 
separated from the mainland by lagoons.  At Cape May and along 
Delaware Bay the mainland lies adjacent to the ocean and bay 
(McMaster, 1954). 
During the Holocene transgression the coastline retreated 
landward.  This displacement resulted in the erosion of headlands 
and may have been accompanied by a landward migration of barriers 
maintaining their elevation relative to rising sea level. 
Continental Shelf 
The New Jersey continental shelf is a moderately smooth, seaward 
sloping surface with sand ridges, channels, and terraces (Uchupi, 
1968).  Most of the shelf sediments are relict (Emery, 1968) in that 
they are (at least partially) unrelated to the present depositional 
regime.  These relict sediments are coastal plain deposits that were 
submerged during the Holocene transgression. When sea level was 80 
meters lower than at present, essentially all river sediment was 
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deposited directly into submarine canyons which cut the shelf edge. 
But as sea level rose above this point, river sediments were deposited 
at the river mouths, and longshore currents were able to redistribute 
the sediment as nearshore deposits (McClennen, 1973). 
The most prominent feature on the New Jersey shelf is the ridge 
and trough topography.  The origin of the ridges is apparently related 
to barrier beach and lagoon formation during the Holocene transgression, 
and landward migration of the barriers (McClennen, 1973). This 
transgression was responsible for the deposition of the offshore 
sand sheet (Swift, et al, 1972).  The sea level rise was not uniform, 
and during times of relative standstill, barriers may have been built 
up forming ridges in the offshore sand sheet.  Periods of relatively 
rapid sea level rise resulted in thin segments of the sand sheet. 
McKlnney, et al (1974) found that there are three orders of 
ridge and trough topography present off New Jersey.  The first order 
features are ridges up to 14 meters high, two to six kilometers apart, 
which trend northeast-southwest.  Superimposed on these features is 
a second order of ridges that are two to five meters high, 0.5 to 1.5 
kilometers apart, trending northeast-southwest.  A third order consists 
of large scale current lineations of low relief (up to 1.5 meters), 
trending east-northeast by west-southwest, and lying ten to twenty- 
five meters apart.  The first and second order features apparently 
formed during the Holocene transgression, but the second order was 
formed in slightly deeper water.  The third order lineations are 
thought to be a response to "helical-flow structure within the flow 
field of a major storm" (McKlnney, et al, 1974). 
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SEDIMENTATION IN THE COASTAL ZONE 
Fluvial Transport 
Rivers were responsible for supplying large quantities of 
sediment to the continental shelf during lower stands of sea level, 
but their role as an immediate source of modern beach sand in 
New Jersey is probably not important (Meade, 1969; Milliman, et al, 
1972; Neiheisel, 1973).  The Holocene transgression resulted in the 
drowning of river systems in New Jersey, and the formation of est- 
aries at the river mouths (Emery, 1971). 
Neiheisel (1973) studied the Delaware Bay estuary and found 
a landward transport of sediment in agreement with Meade (1969). 
Milliman, et al (1972) found that little terrigenous sediment 
escapes modern estuaries of the eastern United States during normal 
runoff, but large quantities can escape during storms and floods. 
They base this conclusion on examination of satellite photographs 
which show sediment plumes escaping estuaries during large storms. 
Tropical storm Agnes (June 1972) caused the Suaquehanna River to 
discharge more sediment into the upper-Chesepeake Bay than had been 
discharged over the past several decades (Schubel, 1974).  The 
sediments apparently did not reach the ocean, but were instead 
trapped by the Chesepeake Bay estuary, as evidenced by a lack of 
suspended solids in the southern bay. 
20 
Longshore Currents 
Coast parallel transport occurs due to longshore currents 
(littoral drift).  These currents are due to oblique wave approach 
and longshore variation In wave height (Komar, 1976).  In New Jersey 
the littoral drift Is thought to diverge In the Manasquan region 
(figure 2; Duane, et al, 1971).  North of Manasquan the littoral 
drift is generally northward, and south of Manasquan the drift is 
dominantly southward. 
Krauser and Coch (1978) studied Brigantine Inlet, New Jersey 
(figure 2) and found the inlet to be sediment starved in that it 
received only a small amount of relatively fine sediment by long- 
shore drift.  This sediment is then reworked by ebb and flow tidal 
currents to form an ebb delta and a flood delta.  The bottom 
topography of New Jersey lagoons suggests that they are largely 
floored by tidal deltas (Fischer, 1961).  The deltas are actively 
growing as long as the inlet supplies sediment.  As the inlet posi- 
tion changes with time, so do the positions of the deltas. 
It is possible that little sediment transfer is occurring across 
inlets in New Jersey. Much of the longshore-transported sand is 
apparently utilized in accreting the down-current end of the barriers, 
and the sand that does reach inlets may be reworked in forming tidal 
deltas, rather than being transported across the inlet. 
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Sand Transport on the Continental Shelf 
Three active sediment transport mechanisms on the continental 
shelf are waves, currents, and bioturbation.  The significance of 
waves and currents depends on the nature, frequency, and velocities 
produced by each, but also is influenced by the intensity of bio- 
turbation (McClennen, 1973).  As water depth increases, the effect 
of waves on the bottom sediments decreases exponentially.  Beyond 
a certain depth (about nine meters in this area) called the wave 
base, particles are not stirred up by "normal oscillatory wave 
induced water motion" (Dietz, 1963).  Storms can cause waves strong 
enough to affect sediments at greater depths, however. McClennen 
(1973) found that wind waves are sufficient to erode sediments eight 
percent of the time at a depth of thirty meters off New Jersey. 
Currents on the New Jersey shelf reflect semidiurnal rotary 
tides, and wind driven flow (McClennen, 1973).  Tides cause a 
cyclic motion of particles with little net transport, but wind 
induced currents superimposed on the cyclic motion cause a net 
southwesterly drift. 
Bumpus (1965) used sea-bed drifters and found that drift 
along the bottom on the continental shelf is variable depending 
on the wind regime.  Offshore drift dominates seaward of a line 
that is one-half to three-quarters the distance between the shore 
and the ninety meter contour.  This is about a 35 to 45 meter 
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depth off New Jersey. Onshore drift dominates landward of this 
line. 
Winter storms are important in moving large quantities of 
sediment that would -not be transported under normal conditions. 
Butman, et al (1976) observed significant movement of surficial 
sand during winter storms that was primarily alongshore, either 
southwest or northeast. Near-bottom flow during these storms 
was 30 to 44 centimeters per second. During normal conditions 
near-bottom flow was 10 to 15 centimeters per second and dom- 
inated by semidiurnal tides. Swift (1970) states, 
"...recent studies of the middle Atlantic shelf 
indicate that the shelf relict (deposited at a 
lower stand of sea level) sand blanket is indeed 
a sufficiently active sediment domain to be a 
potential source of sediment for the nearshore 
modern (deposited when sea level was at or near 
present position) sand prism." 
23 
STATISTICAL ASSESSMENT OF PREVIOUS WORK 
McMaster (1954) examined 140 beach sand samples from the 
high tide line taken at one mile intervals along the entire coast 
of New Jersey (figure 1).  Size analysis for all samples, and 
petrographic analysis for about every fifth sample are presented. 
The heavy mineral data is shown in Appendix II. McMaster presented 
heavy mineral data for six size intervals.  Three of these size 
fractions, .297 to .210 mm (1.75-2.250), .210 to .149 mm (2.25-2.750), 
and .149 to .105 mm (2.75-3.250), are present in significant amounts 
in most samples.  For the present study, separate multivariate 
analyses were run on each size fraction. 
McMaster (1954) based his beach zonatlons on the abundances of 
three heavy mineral groups: glauconite, hornblende, and black 
opaques. The validity of these indicators can be tested statisti- 
cally with multivariate techniques.  R-mode factor analysis of 
McMaster's (1954) data was used to determine the lowest number of 
minerals needed to define the beach zones sufficiently for this 
study. 
Results 
The first objective in R-mode factor analysis (Davis, 1973; 
Klovan, 1975) is to determine the number of factors that are 
significant, or that describe the samples sufficiently so that 
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a comprehensive geologic interpretation is possible.  For initial 
analysis the computer program (Parks, 1970) was set to yield ten 
factors.  The percent of total variance accounted for by each 
factor is included in the output, and plots of total percent 
variance versus factor numbers were constructed (figure 6) to 
evaluate the significance of the factors generated.  These plots 
show that the break points (point on graph where increase in total 
percent variance declines) are at three factors for the 1.75 to 
2.25 phi fraction, three factors for the 2.25 to 2.75 phi fraction, 
and two factors for the 2.75 to 3.25 phi fraction. 
The varimax rotated factor measures resulting from the R-mode 
analysis are shown in Appendix IV.  Plots of varimax rotated factor 
measures against sample locations were made to see which factors were 
geologically meaningful, and these plots are shown in figures 7 
through 9.  Each of the three factors selected from the 1.75 to 
2.25 phi fraction (figure 7) shows a distribution different from 
the other two indicating that each is a unique contributor to the 
mineralogy of beach sands along the coast.  Three factors were also 
selected from the 2.25 to 2.75 phi fraction, but they all show 
similar distributions along the coast (figure 8).  Only the first 
factor can be considered important in contributing to the minera- 
logical zonations of the New Jersey beaches.  The 2.75 to 3.25 phi 
fraction yields results similar to that of the 2.25 to 2.7'; phi 
fraction in that only one factor appears to provide unique infor- 
mation. 
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Figure 6.  Plots of cumulative percent total variance versus 
R-mode factors for the heavy mineralogy of the New 
Jersey beach sands (McMaster, 1954). 
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Figures 7-9.  Plots of varimax rotated R-mode factor measures 
versus sample locations (distance from north, 
I.e. south from Sandy Hook) resulting from 
analysis of data of McMaster (1954). 
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After important factors are identified they must be analyzed 
to see what variables (minerals) dominate the factors (mineral 
assemblages).  This is determined by R-mode factor analysis.  The 
resulting factor loadings are presented in Appendix V.  A high 
positive loading indicates that the mineral species is diagnostic 
of the mineral assemblage, and a high negative loading means the 
mineral species is relatively low in abundance.  Factor 1 displays 
high loadings for hornblende (.926-.972) and hypersthene (.793-.895) 
in all size fractions examined.  Factor 2 has high loading on 
tourmaline (.723) with lesser loading on black opaques (.388). The 
black opaques show a high negative loading in the other two factors 
(1 and 3).  Glauconite (.656) and collophane (.611) display high 
loadings in factor 3.  In summary, the factors are dominated by the 
following minerals: 
Factor 1 (all sizes) - hornblende, hypersthene 
Factor 2 (1.75 to 2.25 phi fraction) - tourmaline, 
black opaques 
Factor 3 (1.75 to 2.25 phi fraction) - glauconite, 
collophane 
To test McMaster's (1954) mineralogical zones (figure 1), 
cluster analysis (Parks, 1966; 1970) was done on the factor measures 
resulting from an R-mode analysis (using 3 factors for the 1.75- 
2.250 fraction, and 1 factor for the 2.25-2.750 and 2.75-3.250 
fractions).  The factor measures used in the cluster analysis are 
shown in Appendix VI.  Cluster analysis results are represented by 
cluster diagrams (figures 10-12), and the resulting groupings (zones) 
are shown on the diagrams.  A map of these zones defined 
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Figures 10-12.  Cluster diagrams resulting from Q-mode cluster 
analysis on factor measures obtained from R-mode 
analysis of data of McMaster (1954). The resulting 
zonations are indicated. 
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by Q-mode cluster analysis based on mineral data is shown in figure 
13.  Cluster diagrams for the three size fractions (figures 10-12) 
show similar patterns, with the 2.25 to 2.75 phi and 2.75 to 3.25 
phi fractions yielding identical sample groupings.  The 1.75 to 2.25 
phi fraction shows slightly different results because of the presence 
of three factors rather than one, as in the two finer fractions.  The 
most important difference is the additional cluster of samples 0 
through 39, which is indicated only in the coarsest fraction because 
these northern samples are coarser (McMaster, 1954). Although this 
zone was observed only in the 1.75 to 2.25 phi fraction, it represents 
a portion of the coast which is defined by a unique mineralogy. 
To understand the sediment transport pathways associated with 
the beach zones, Q-mode factor analysis was used (Hanson and Imbrie, 
1964).  The resulting oblique projections are shown in Appendix VII. 
Graphs of the projections are.presented in figures 14 through 16. 
Caution should be exercised when interpreting the projection plots. 
Oblique projections are factor loadings which have been (1) varimax 
rotated to make the values cluster around zero and one, and (2) 
obliquely rotated so that end member samples fall directly on their 
respective axes at a value of plus one.  Quantification of the real 
contribution of each end member (source area) to each sample was not 
attempted, but generalizations on the degree of mixing between zones 
can be made.  It is apparent from the oblique projections that little 
mixing occurs at the boundaries of beach zone 1 (km 120, km 208) as 
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40. 
Figure  13.     Beach zones determined by Q-mode cluster analysis on 
factor measures resulting from R-mode analysis on data 
of McMaster (1954). 
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Figures 14-16.  Plots of oblique projection Q-mode factor loadings 
versus sample locations (distance from north, i.e. 
south from Sandy Hook) resulting from analysis of 
data of McMaster (1954). 
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indicated by the abrupt change of the values at both boundaries 
(figures 14-16).  The oblique projection loadings for beach zone 2 
show abrupt variation at the southern boundary (km 120), but a more 
gradual change north of Manasquan Inlet (figure 2; km 46).  Here it 
appears that zone 2 sand is contributing to the beaches of zone 3 
in all size fractions. 
If the two most important minerals from each of the three factors 
are used in Q-mode factor analysis, the resulting zones are the same 
as if all minerals are considered.  These 6 minerals, as defined by 
R-mode factor analysis, are hornblende, hyperthsene, black opaques, 
tourmaline, glauconite, and collophane.  The correlation coefficients 
between these six minerals (table 1) show that hornblende and hyper- 
sthene have a reasonably high correlation (r greater than 0.70). 
Hypersthene can therefore be eliminated without losing much informa- 
tion.  Collophane can also be eliminated because of its low percen- 
tages in the finer sizes (less than 1Z), and its scarcity in even 
the 1.75 to 2.25 phi fraction (less than 2%; Appendix II).  Tourmaline 
and black opaques should both be included because even though they are 
both diagnostic of the zone 2 sands, they have a low correlation with 
each other (-.07 to .26).  Therefore, Q-mode analysis was run on 
McMaster's (1954) data using only four minerals (hornblende, glauconite, 
tourmaline, and black opaques).  The resulting reordered oblique 
projection loadings (Appendix VII) reveal the same beach zonations 
as those found when using all variables.  The only change is that 
sample 201 is moved from zone 1 to zone 2 in the 1.75 to 2.25 
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TABLE 1.  Correlation Coefficients for the Number Percentages of 
Glauconite, Hornblende, Tourmaline, and Black Opaques 
(McMaster, 1954) in New Jersey Beach Sands. 
Collo- Glauc- Horn- Hyper- Tour- Black 
1.75-2.25 0: phane onite blende sthene maline Opaques 
Collophane 1.00 
Glauconite .33 1.00 
Hornblende -.13 -.36 1.00 
Hypersthene -.18 -.41 .72 1.00 
Tourmaline -.01 -.12 -.05 -.26 1.00 
Black Opaques -.19 -.57 -.29 -.15 .26 1.00 
2.25-2.75 0: 
Glauconite 1.00 
Hornblende -.35 1.00 
Hypersthene -.27 .78 1.00 
Tourmaline .15 -.10 -.05 1.00 
Black Opaques -.09 -.78 -.64 .02 1.00 
2.75-3.25 0 
Glauconite 1.00 
Hornblende -.48 1.00 
Hypersthene -.36 .89 1.00 
Tourmaline .31 .03 .13 1.00 
Black Opaques .47 -.99 -.90 -.07 1.00 
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phi fraction.  This is considered to represent a very small loss 
of information resulting from a great simplification of the heavy 
mineral data. 
Discussion 
It was anticipated that more than one factor would result from 
these analyses, and the total percent variance accounted for by the 
factors would come to over 90 percent, but this was not the case due 
to the complexity of the data.  The beach sand mineralogy is a compo- 
site of contributions from many possible immediate sources which 
include coastal formations, different areas of the continental shelf, 
and a few large rivers.  A contribution from coastal formations may 
result in one primary factor and many other subordinate factors 
(factors obtained in the R-mode analysis which are not significant) 
due to the variable mineralogy of these formations along the coast. 
The same can be said for the continental shelf.  In effect the problem 
"is not one of unique point sources but of broad sources that apparently 
extend along much of the coast. 
The three mineralogical zones defined by this study (figure 13) 
coincide with the previously described hornblende, black opaque, and 
glauconite zones of McMaster (1954; figure 1) with only one difference. 
McMaster extends the glauconite zone as far south as Shark River 
(sample 35), but the cluster analysis results indicate that the zone 
actually extends 4 kilometers farther south to Mana3quan Inlet 
(sample 39). 
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The distribution of R-mode factor measures along the coast 
(figures 7-9) shows that factor 1 has the highest factor measures 
in the "hornblende zone" (McMaster, 1954) (samples 122-206), 
factor 2 is highest in the "black opaque zone" (samples 48-119, 
209-226), and factor 3 shows the highest values in the "glauconite 
zone" (samples 0-39).  Therefore there are three mineralogical 
zones defined by the factor/cluster analysis on McMaster's (1954) 
mineralogical data.  Zone 1 extends from Little Egg Inlet to 
Cape May and is characterized by relatively large quantities of 
hornblende and hypersthene.  Zone 2 (sands containing relatively 
high amounts of black opaques and tourmaline) is discontinuous and 
runs from Manasquan Inlet to Little Egg Inlet in the north, and 
from Cape May to Reeds Beach (Delaware Bay) in the south.  Zone 3 
starts at the northern tip of Sandy Hook and extends to Manasquan 
Inlet, and contains relatively large amounts of glauconite and 
collophane. 
The Q-mode factor analysis results (figures 14-16) suggest that 
Little Egg Inlet (figure 2) acts as a barrier to sand traveling with 
the littoral drift.  This is in agreement yith McCarthy's (1931) 
findings that the sand of each coastal segment acts as a unit, and 
beach sediment is not significantly transported from unit to unit. 
Based on the preceding analysis of McMaster's (1954) data, 
hypotheses can be formed concerning the immediate source areas for 
the New Jersey beach sands.  The zone 3 sand is coarse glauconitic 
sand, and its source is probably correctly identified by McMaster 
(1954).  Since Tertiary formations are exposed to ocean wave attack 
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from Asbury Park to Monmouth (figure 4), and because these forma- 
tions have glauconite as an abundant constituent, these formations 
appear to be the immediate source for zone 3 beach sand.  Figure 17 
shows the hypothetical sediment transport directions for the New 
Jersey coast (Swift, 1975).  The zone 3 material is carried north 
from the outcrops to Sandy Hook.  Large northerly storms, however, 
have carried large quantities of zone 3 sand as far south as 
Manasquan Inlet. 
From Cape May to Reeds Beach (figure 13) zone 2 material blankets 
the Delaware Bay beaches.  McMaster (1954) is again probably correct 
in assuming that these Delaware Bay shore sediments, which are 
characterised by black opaques and tourmaline, are supplied by the 
Cape May Formation which crops out along the entire beach zone, and 
has a mineral composition comparable to the zone 2 material (McMaster, 
1954). 
From Manasquan Inlet to Cape May (zones 1 and 2, figures 2 
and 13), coastal outcrops can no longer be the immediate source for 
the beach sands because the beaches here are separated from the 
mainland by a lagoon complex.  Littoral drift is apparently not 
sufficient to supply sand from the north, as evidenced by the lack 
of glauconite in these sands.  The only immediate sources remaining 
are the continental shelf and rivers. 
At Little Egg Inlet (km 118) there is a discontinuity in both sand 
texture and mineralogy (McMaster, 1954).  This is the boundary of zones 
1 and 2.  New Jersey beaches north of Little Egg Inlet consist of med- 
ium and fine sand with a heavy mineral fraction which is rich in black 
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Figure 17. Hypothetical sediment transport directions for the New 
Jersey coast (Swift, 1975). 
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opaques.  Beaches to the south of the inlet are made up exclusively 
of fine sands with a hornblende-rich heavy mineral fraction.  McMaster 
(1954) explains this drastic change in sand properties by stating: 
"The gradual offshore slope of the ocean bottom may be 
responsible for the fine sand beaches south of Little 
Egg Inlet." 
This implies that a sorting mechanism is responsible for the dis- 
continuity in beach sand properties.  Sorting can be due to differ- 
ences in sand size and/or density.  Cataldo (1980) concluded on the 
basis of apparent density data that the effect of hydraulic sorting 
along the south coast of New Jersey (km 129-206) is overshadowed by 
the effects of onshore/offshore sediment transport, and transgression. 
McMaster does not elaborate on the proposed mechanism, and his selective 
sorting hypothesis should be considered along with the possibility 
of different sources for sediments north and south of Little Egg Inlet. 
Sorting by particle size assumes that only coarse material is 
deposited on the relatively steep beach face slopes north of Little 
Egg Inlet, and the finer material is carried south by littoral drift 
until the offshore slope becomes small enough to affect wave dissipa- 
tion and deposition.  While this process may be valid, for it to 
explain the differing mineralogies of zone 1 and zone 2, mineralogi- 
cal variations should not be noted within a single size class.  It is 
clear that the median size abruptly decreases south of Little Egg 
Inlet (McMaster, 1954), but the beach sand mineralogy changes within 
all size classes, and this change cannot be explained by size sorting. 
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To check for the significance of sorting by density along the 
coast of New Jersey, plots of the abundance of various minerals of 
different densities are shown in figures 18 through 23.  Black 
opaques in general have a specific gravity greater than 4.1 Mg/m3 
(Hurlbut, 1971).  Hornblende (s.g.-3. 2 Mg/m3) and tourmaline 
(s.g."3.0-3.25 Mg/m3) have lower specific gravities.  If density 
sorting is the mechanism which forms the zone boundary at Little 
Egg Inlet (km 118), tourmaline and hornblende should show similar 
distributions.  However tourmaline (figure 22) has a distribution 
more similar to that exhibited by black opaque minerals (figure 23) 
(i.e. increased abundance north of Little Egg Inlet).  Hornblende, 
in contrast, is more abundant south of the inlet (figure 20; 
km 118).  Therefore, sorting by density cannot explain the discon- 
tinuity in sand properties at Little Egg Inlet.  It may, however, 
be operating to some degree along the coast. 
By comparing the distributions of minerals of different speci- 
fic gravities within a single size fraction, the role of sorting by 
particle density along the coast can be evaluated.  In zone 3, 
glauconite (figure 19) aptd collophane (figure 18) are the most diag- 
nostic minerals.  Collophane has a higher specific gravity (s.g.» 
3.15-3.20 Mg/m3) than glauconite (s.g. greater than 2.3 Mg/m3; 
Hurlbut, 1971), and since the dominant current direction is north 
for this zone, glauconite should show a greater abundance north of 
collophane1s distribution.  In all three sizes this is the case, 
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Figures 18-23. Plots of mineralogical data of McMaster (1954) 
for New Jersey beach sands.  Percentages are 
relative to other heavy minerals (s.g. greater 
than 2.85 Mg/nr*).  Sample locations are dis- 
tances from north (i.e. south from Sandy Hook). 
Curves were fitted by a computer program using 
a polynomial regression (SLi, 1978).  The zones 
resulting from statistical analysis of McMaster's 
(1954) data are indicated. 
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As zone 3 sands are transported to the north the denser mineral 
(collophane) Is deposited first, and the less dense mineral 
(glauconite) dominates further north.  A similar pattern can be 
seen In zone 2 where the dominant current direction Is south. 
The less dense (s.g. « 3.0 - 3.25 Mg/m3; Hurlbut, 1971) tour- 
maline (figure 22) Is deposited In greatest amounts to the 
south of the denser (s.g. greater than 4.1 Mg/m3) black opaques 
(figure 23).  This pattern Is unclear In the 2.75 to 3.25 phi 
fraction because of the lack of tourmaline in this size class. 
In zone 1, hornblende (figure 20) and hypersthene (figure 
21) are the characteristic heavy minerals. The peak abundances 
for these two minerals are located in the same place, as might 
be expected since they have similar specific gravities (horn- 
blende s.g. -3.2 Mg/m3, hypersthene s.g. - 3.4 - 3.5 Mg/m3; 
Hurlbut, 1971). 
It is clear that sorting by particle density is occurring 
within beach zones. But it is not an important mechanism for 
. determining the zonations because it does not operate between 
beach zones. As a result, zonations appear to be entirely due 
to source area variations, and different potential source areas 
for zones 1 and 2 must be found to explain their occurrence. 
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FIELD AND LABORATORY ANALYSES 
OF NEW JERSEY BEACH SANDS 
Beach sand samples were obtained to:  (1) check mineral 
identifications and abundances of McMaster (1954), and (2) 
identify the minerals in the category McMaster called "black 
opaques." Laboratory methods used to analyze the samples are 
presented in Appendix III. 
Size Analysis 
Results 
The results of the size analysis are presented in Appendix 
VIII, and graphically presented in figure 24.  The median, Trask 
sorting, and Trask skewness were calculated with the aid of a 
computer program (Creager, et al, 1962). McMaster (1954) calcu- 
lated these size parameters for his sand samples, so they form 
the basis for comparison. 
The median sand sizes for samples Bl through B7 (zone 3) 
show no well defined trends (figure 24) as there is a large 
variation between adjacent samples.  From Manasquan Inlet to 
Little Egg Inlet (northern zone 2) the sands show a steady 
decrease in median size (figure 24).  In zone 1 (Little Egg 
Inlet to Cape May, samples B16-B26, figure 24) the sand is the 
finest of all the beaches in New Jersey, and there is no decrease 
in median size (figure 24).  On the Delaware Bay shore (southern 
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Figure 24.     Size analysis results plotted against sample locations. 
Sample locations are shown in figure 2. 
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zone 2, samples B27-B28, figure 24) the sands are coarser than in 
zone 1. 
The Trask sorting and Trask skewness results show no obvious 
trends (figure 24), but the sorting values for this study are 
generally lower (by about 0.1 units) than McMaster's (1954) values, 
indicating that either sorting has improved since that study or the 
analyses are not wholly comparable.  Agreement with McMaster's (1954) 
results was found for median size and Trask skewness, as indicated 
by the graphs (figure 24). 
Discussion 
The large variation in median sand size in zone 3 (Sandy Hook 
to Manasquan Inlet, figure 24) suggests that shoreline configuration, 
beach-face slope, wave and current strength, and perhaps other local 
factors control the local grain size (McMaster, 1954). 
In northern zone 2 (Manasquan Inlet to Little Egg Inlet, 
figure 24) there is a southerly increase in fineness which is liiiear. 
This is in agreement with MacCarthy's (1931) findings, and implies 
that:  (1) sand is being transported by littoral currents with a 
dominant southward direction, and (2) sand is transported across 
major inlets (Manasquan, Barnegat) in this zone. 
The constancy of sand size in zone 1 (Little Egg Inlet to 
Cape May, figure 24) suggests that there is no continuous transport, 
and associated sorting, of sand along this zone.  This constancy of 
size may be due to the barrier system being cut by frequent inlets, 
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which retards the transport of sand between adjacent islands. 
The distinct change in sand size at Little Egg Inlet (km 118; 
figure 24) implies a change in immediate source areas for zones 1 
and 2, since (as discussed previously) selective sorting is not a 
viable mechanism. 
Only two samples were analyzed on the Delaware Bay shore 
(southern zone 2), so no conclusions can be drawn concerning the 
direction and extent of sediment transport. 
Mineralogy 
Results 
The results of the mineralogical analysis of the beach sand 
samples are presented in Appendix IX.  For some samples, a size 
fraction could not be analyzed because it was nearly absent from 
the sample.  The data indicate that of the heavy minerals counted 
(black opaques, glauconite, hornblende, and tourmaline), glauconite 
dominates samples Bl, B3, B6, and BIO (54-88% of the 1.75-2.250 
fraction), black opaques dominate samples B8, B12, B14, B16, B27, 
and B28 (48-96% of the 2.25-2.750 fraction), and hornblende is the 
most abundant mineral in samples B18, B21, B23, and B25 (68-78% of 
the 2.75-3.250 fraction). 
Discussion 
No real comparison with McMaster's (1954) data is possible 
because a heavy liquid with a lower specific gravity (2.78 Hg/va? 
vs 2.85 Mg/m ) was used in this study, and therefore more glauconite 
61 
was counted.  However, the basic mineralogic trends should be the 
same as those observed by McMaster.  That is, hornblende should 
be dominant in zone 1 (samples B16, B18, B21, B23, and B25), 
glauconite should be most abundant in the 1.75 to 2.25 phi and     m 
2.25 to 2.75 phi fractions of zone 3 (samples Bl, B3, and B6), 
and black opaques should dominate zone 2 (samples B8, BIO, B12, 
B14, B27, and B28).  In general this was the case.  But sample B16 
(figure 2; boundary between zones 1 and 2) contains more black 
opaques (about 702) than hornblende (about 152; Appendix IX) in 
all but the finest fraction (2.75 to 3.25 phi).  In addition, 
glauconite shows an abundance in samples B8 and BIO (northern zone 
2) as well as Bl, B3, and B6 (zone 3). These differences may 
indicate a change in the beach zone boundaries since McMaster's 
(1954) work. Zone 3 appears to extend farther south today than 
Manasquan Inlet (figure 2), and zone 1 presently may extend as far 
south as Brlgantine Inlet (figure 2). 
X-ray Analysis 
The actual minerals constituting the "black opaques" were not 
determined by McMaster (195A).  X-ray diffraction of one sample was 
undertaken to identify the black opaque mineralogy.  No attempt was 
made to quantitatively determine the mineral abundances.  For the 
analysis, sample Bll was chosen because it falls near the center of 
the "black opaque zone" of McMaster (1954).  X-ray diffraction methods 
are outlined in Appendix III. 
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Initially, a trace amount (less than 0.5%) of magnetite was 
removed with a hand magnet The results of the x-ray diffraction 
are presented in table 2, and they indicate that the minerals 
present are hornblende, rutile, pseudorutile, ilmenite, and 
galena.  Hornblende appeared as a black opaque in the reflected 
light of' the binocular microscope when the black opaques were 
physically separated from sample Bll, but it is not a constituent 
of the black opaque grains identified in transmitted light. 
The presence of ilmenite, rutile, and pseudorutile is compatible 
with Meglio's (1979) findings that the Tertiary Kirkwood and Cohansey 
« 
Formations (figure 4), which form the surface of the coastal plain 
over a wider area than any other formations, contain black opaque 
grains which are predominantly pseudorutile, with less and variable 
amounts of rutile, and minor amounts of ilmenite.  The Cape May 
Formation (figure 4) is also believed to.contain commercial amounts 
of ilmenite (Meglio, 1979). 
The possibility that the mineral identified as hornblende has 
been incorrectly labeled by previous authors (Colony, 1932; McMaster, 
1954; Biederman, 1958) was investigated because past x-ray work on 
samples from Stone Harbor, N.J. (zone 1) has not exhibited good 
hornblende x-ray diffraction peaks (Carson, personal communication). 
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TABLE 2.  X-ray Diffraction Peak Positions and Relative Intensities 
for the Black Opaque Minerals in Sample Bll, and Corres- 
ponding Powder Diffraction File Data (Berry, 1967). 
d-spacing observed 
Powder Diffraction File Data** 
Horn- Ilmen- Pseudo- 
observed relative Galena blende ite rutile Rutile 
(X) intensity* dX   i/i o dX I/Io dX I/Io dA I/I0 dA I/I0 
8.36 100 8.40 100 
3.90 15 8.85 40 
3.47 25 3.43 84 
3.27 20 3.26 20 
3.25 30 3.25 100 
3.12 60 3.10 70 
2.95 20 2.97 100 
2.81 20 2.79 12 
2.75 20 2.74 100 
2.71 20 2.70 20 
2.55 15 2.54 85 
2.49 20 2.49 60 2.49 50 
2.23 25 
2.10 57 
2.19 50 2.19 25 
1.86 5 
L.79 35 
1.86 85 
1.72 5 1.72 100 
1.69 35 1.69 100 1.69 60 
1.50 5 1.50 85 
1.45 5 1 P7 85,         i 
*  relative to all observed black opaque peak heights 
** d-spacings and intensities relative to other heights for the min- 
eral 
64 
Sample B23 was used in the analysis because McMaster's (1954) 
findings indicate that it should contain large amounts (greater 
than 30%) of hornblende in the heavy mineral fraction.  To 
further concentrate the hornblende, magnetic separations were done 
on the bulk heavy mineral fraction (methods outlined in Appendix III) 
All of hornblende's most intense peaks were clearly revealed 
(table 3).  Therefore, it is clear that the dominant heavy mineral 
in the beaches of southern New Jersey is indeed hornblende. 
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TABLE 3.  X-ray Diffraction Peak Positions and Relative Intensities 
for Heavy Minerals (magnetically separated) of Sample B23, 
and Powder Diffraction File Data for Hornblende 
(Berry, 1967). 
d-spacing 
observed 
(A) 
observed 
relative 
intensity 
Powder Diffraction File Data 
Hornblende 
dX        I/I0 
8.42 
3.26 
3.11 
2.80 
2.70 
94 
27 
100 
26 
24 
8.40         100 
3.26          20 
3.10           70 
2.79           12 
2.70           20 
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FIELD AND LABORATORY ANALYSES 
OF POSSIBLE SOURCE SANDS 
Potential immediate sources for New Jersey beach sands are 
mainland formations, the continental shelf, and local rivers. 
The mainland formations have been examined (McMaster, 1954; 
Wolfe, 1977; Owens and Minard, 1979), and their contribution to 
the beach sands north of Bay Head (zone 3; figure 13) has been 
demonstrated (McMaster, 1954).  Coastal formations also supply 
the beach sand for the Delaware Bay shore beaches (McMaster, 
1954). 
The immediate source of the beach sands from Bay Head to 
Cape May (zones 1 and 2; figure 13) cannot be the coastal forma- 
tions because these beaches are separated from the mainland by 
lagoons.  In the middle of this coastal area there is an apparent 
change in sources at Little Egg Inlet (the boundary of beach zones 
1 and 2; figure 13).  Zone 1 material is rich in hornblende, which 
is of uncertain origin (i.e. adjacent coastal formations show no 
comparable mineralogy; McMaster, 1954).  Coastal formations have, 
in fact, mineralogies compatible with the zone 2 sands, being 
relatively rich in black opaques (McMaster, 1954). 
Description of Source Sands 
Shelf and river sample descriptions are presented in Appendices 
I and X.  The results indicate that the shelf sand textures are 
variable (very fine to very coarse grained), as are the river sample 
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textures (sandy mud to coarse sand).  The color is also variable 
and appears to be dependant on the texture.  Coarse sands are 
yellowish (Munsell code 10YR), and muddy sands are greenish 
(Munsell code 5Y) and darker.  The organic constituents of the 
shelf samples reflect the position on the ridges and swales from 
which the sample was taken (McKinney, et al, 1974).  Sand dollars 
indicate proximity to a ridge crest, and crabs or large shells 
indicate a trough location.  Shell fragments are ubiquitous to 
the New Jersey shelf. 
Mineralogy of Source Sands 
Methods used to obtain the heavy mineralogy of the source 
sands are outlined in Appendix III. 
Results 
The results of the microscopic analysis are listed in 
Appendix IX.  The data is plotted against distance along the 
coast in figures 25 through 28. 
The distribution of heavy minerals in the New Jersey inner- 
continental shelf sediments is similar to the distribution on the 
beaches. Glauconite (figure 25) is most abundant near Sandy Hook 
(km 2), and is nearly absent in shelf sediments south of Barnegat 
Inlet (km 84).  Black opaques (figure 28) are an abundant (19-94%) 
constituent of shelf sands along the entire coast, but they seem 
to be most abundant (greater than 50%) in areas seaward of zone 
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Figure 25.  Glauconite abundance in shelf samples.  Percentages 
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2 beaches (km 51-117). Hornblende (figure 26) Is much more abundant 
(greater than 30%) seaward of zone 1 beaches (km 122-208) than else- 
where (less than 20%). 
The river samples are dominated (greater than 97%) by black 
opaques, and show little hornblende (less than 0.5%), glauconite 
(0.0%), and tourmaline (less than 2.5%). 
Discussion 
The mineralogical results indicate that the shelf sands, in 
general, reflect the mineralogy of the adjacent beach sands. 
Because of the lack of hornblende in the river samples, it is 
apparent that rivers are not supplying hornblende-rich sand to 
zone 1 beaches. 
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CORRELATION OF BEACH AND SOURCE SANDS 
Point count data for beach, shelf, and river sands was submitted 
to Q-mode factor analysis so that beach zones could be correlated 
with potential source areas.  The resulting oblique projection 
matrices are shown in Appendix XI.  These results are summarized in 
figure 29.  A sample was placed in a zone according to the highest 
"projection loading (Appendix XI) of that sample. 
Zone _3 
The glauconite-rich beach sand zone does not derive its sand 
from the continental shelf. No shelf samples are grouped with the 
beach samples in this zone, but there is a relatively large amount 
of glauconite (greater than 20% of the 1.75-2.250 fraction) in the 
shelf sands near Sandy Hook (figure 2). These results indicate that 
shore formations have supplied some material to the shelf, but the 
shelf sands cannot be the major contributor to the zone 3 beaches. 
Beach zone 3 extends from Sandy Hook (km 2) to Barnegat Inlet 
(km 76). This is 41 kilometers farther south than the boundary 
drawn by McMaster (1954). Much more (17-54Z in the 1.75-2.250 and 
2.25-2.750 fractions) glauconite was found in the beach sands from 
Manasquan Inlet (km 51) to Barnegat Inlet (km 76) in this study 
(partly because of the use of a lower specific gravity heavy liquid 
in this study), which may indicate a change in sources for beaches 
in this area since 1954.  Sand is being supplied dominantly by 
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Figure 29.  Mlneralogical zones for beach, shelf, and river samples. 
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coastal formations (Cohansey, Kirkwood) north of Manasquan Inlet. 
This pattern implies that littoral drift is capable of transporting 
sand across Manasquan Inlet in large quantities, probably during 
large storms. 
Zone 1 
The hornblende-rich sands of zone 1 (figure 29) are not 
derived from the two major river systems in the area (Mullica 
River and Great Egg Harbor River).  The river samples contain 
almost no hornblende (less than 0.5%) of the grains counted in the 
size fractions analyzed. 
The lateral extent of the zone 1 beaches is slightly different 
from that defined by McMaster (1954).  The southern boundary is the 
same (km 200), but in the north the beach sand of Pullen Island (sample 
B16, km 122) is now dominated (65 and 72% of the four minerals counted 
in the 2.25-2.750 and 1.75-2.250 fractions respectively) by black 
opaques. McMaster found more hornblende (50% of all heavy minerals) 
in this sand.  It appears that the black opaque-rich sand from the 
north has been transported in large quantities to Pullen Island 
since 1954. Dredging of Little Egg Inlet could be responsible for 
bringing these sands (trapped in the inlet after transport from the 
north) to Pullen Island, but more likely the black opaque-rich sand 
is present because of sand transport across the inlet during large 
storms. 
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Some shelf sands from the innermost traverse are hornblende- 
rich (samples S40-S46 and S48; 36-74Z of the 2.75-3.250 fraction; 
km 107-190; Appendix IX), and are considered to be an immediate 
source of the beach sands of zone 1.  This immediate source is not 
located directly offshore however, but is displaced to the north 
(figure 29).  Sample SAO is located 33 kilometers upcoast (northeast) 
of beach sample B18, which is the northernmost beach sample associated 
with zone 1 (figures 2 and 29).  Sample S47 is located 29 kilometers 
upcoast (northeast) of beach sample B27, which is the closest beach 
sample of zone 2 sands in the south.  These results indicate that 
sand from the shelf is transported to the beaches in a southwesterly 
direction. 
The shelf sands sampled on the seaward transect (figure 2) are 
not being supplied to the beaches of zone 1.  Only two of these 
samples (S9 and Sll; km 147-157; figure 2) contain enough hornblende 
to be correlated with the beach sands.  This pattern implies that 
continental shelf sands in water depths of about 18 meters are not 
reaching the beaches in significant proportions, while those sands 
at about 9 meters depth are. 
The two hornblende-rich (52-64% of the 2.75-3.250 fraction; 
Appendix IX) offshore samples (S9 and Sll) are located in close 
proximity (figure 29) to the Great Egg Harbor River channel (Veatch 
and Smith, 1939).  The late-Pleistocene/Holocene drainage of this 
river apparently supplied the hornblende-rich sands to the shelf 
as it migrated from as far north as Little Egg Inlet to as far south 
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as the shelf channel position (Owens and Mlnard, 1979). This 
migration must have deposited a relatively thin blanket of hornblende- 
rich sands on the shelf north of the present channel.  As sea level 
rose, reworking of the thin blanket apparently brought these sands 
closer to the present shoreline.  The only hornblende-rich offshore 
(at about 18m water depth) sands that remain are those where thick 
deposits of the sand occur, near the shelf channel. 
Zone 2 
The black opaque-rich sands of northern zone 2 (between 
Barnegat Inlet and Little Egg Inlet; figures 2 and 29) are apparently 
also derived from shelf sediments.  The inner and outer traverses 
each show mineralogies compatible with the adjacent beaches.  The 
sediment is transported to the beaches by storm driven currents in 
a southwest direction as indicated at the south end of Long Beach 
Island (mile 74) where the beach sands are black opaque-rich, and 
the adjacent shelf sands are hornblende-rich.  These beaches were 
apparently supplied with sand from the shelf adjacent to the northern 
end of the island. 
Zone 2 beaches on the Delaware Bay shore are thought to be 
supplied with sand from coastal outcrops.  This sand is not trans- 
ported from Delaware Bay up the New Jersey coast north of Cape May 
Inlet. 
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Reevaluatlon of Shelf Sand Textures 
The beach sand texture changes drastically (mff - .213mm to 
.164mm; Appendix VIII) at Little Egg Inlet (km 118), the northern 
boundary between zones 1 and 2.  This change is also reflected in 
the shelf sands, as summarized below. 
The shelf sands that are mineralogically correlated with zone 1 
beaches (S9, Sll, S40-S46, and S48; figure 2) are all very fine or 
fine grained (.063-.250mm) sands (Appendix X).  The zone 1 beach 
sands are all classified as fine sands (.125-.250mm), which is in 
contrast to beach deposits from the rest of the coast where the sand 
is of medium size (.250-.500mm), with few exceptions (B14, B15, and 
B26; figure 2).  Shelf sediments (samples S6-S8, S10, S12-S26, and 
S32-S39; figure 2) that are correlated with zone 2 beach sands range 
from fine to very coarse sand (.125-2.000mm), but most (25%) are 
medium (.250-.500mm), and a large portion (20%) are coarse grained 
(.500-1.000mm). 
This variation in texture between the immediate source sands 
of the zone 1 and zone 2 beaches may explain the discontinuity of 
sand texture at the beaches.  It has been proposed -hat th«; variation 
in beach slope is responsible for the change in median grain size 
from zone 2 to zone 1 (McMaster, 1954).  Actually, the reverse may 
be true.  The fact that the source sands of zone 1 are fr'.ner grained 
may have resulted in a more gently sloping beach face. 
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GENESIS OF THE BEACH SANDS 
During the Holocene transgression (18,000-7,000 years B.P.), 
barrier beach complexes were probably developed by the submergence 
of ridge-like coastal features, and/or the progradation of spits 
(Schwartz, 1971). 
Sand was supplied to the nearshore zone by the river systems 
which carried sediment from the Piedmont and Highland provinces 
during the transgression, and by the reworking of shelf sediments. 
Before sea level reached the present 80m isobath, river sediment was 
transported directly to the shelf canyons which cut the shelf edge 
(figure 30).  Subsequently, as sea level rose above the 80m isobath, 
fluvial sediment was supplied to the nearshore zone (McClennen, 1973) 
As sea level continued to rise, the barrier systems may have 
migrated landward. This migration could be accomplished by overwash 
processes during storms, and may be evidenced by the presence of the 
ridge and swale topography on the New Jersey shelf (McClennen, 1973). 
The late-Pleistocene/Holocene river drainage patterns of the 
coastal plain are apparently responsible for the deposition of two 
distinct sand types on the New Jersey shelf:  the hornblende-rich 
zone 1 sands, and the black opaque-rich zone 2 sands. 
The known river channels of the continental shelf and coastal 
plain of New Jersey are shown in figure 30 (Swift, 1980).  The 
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Figure 30.    River channels on the New Jersey coastal plain and 
continental shelf  (Swift,   1980). 
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history of these rivers is complex due to numerous migrations and 
piracies.  However, what is known of their late-Quaternary history 
is summarized below. 
The Hudson River migrated from the Wilmington Canyon (figure 
30) north to its present position due to regional downwarping 
associated with glacial loading in the north (Kelling, et al, 1975). 
The Schuylkill River continued to the Great Egg River at the end 
of the Pleistocene (20,000 years B.P.), and the Delaware River did 
not extend inland as far as today (McClennen, 1973).   At this time 
black opaque-rich river sands (derived from the Appalachian region) 
were deposited at the New Jersey nearshore zone.  Headward erosion 
of the Delaware River subsequently captured the Schuylkill River 
and greatly decreased the flow of the Great Egg River. 
The shelf sands were supplied by the rivers and modified by 
the Holocene transgression.  The hornblende-rich sands of zone 1 have 
a derivation related to the deposition of the Pleistocene Bridgeton 
Formation (figure 5).  This formation is rich in hornblende, and 
contains small scale channel deposits on the coastal plain (Owens and 
Minard, 1979).  Owens and Minard conclude that this formation represents 
a period of downcutcing of a major stream (ancestral Hudson River) 
which migrated in a southward direction from near Little Egg Inlet to . 
Cape May.  The river deposited sands in the coastal zone, and the 
sediments have since been reworked during the Holocene transgression. 
Today the New Jersey beaches are supplied with sand derived from: 
(1) coastal formations exposed to marine processes, and/or (2) the 
continental shelf. 
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CONCLUSIONS 
1. Three distinct beach sand types are present along the New 
Jersey coast; zone 1 sands are hornblende-rich fine (.125-.250 ram) 
sands, zone 2 sands are black opaque-rich medium (.250-.500 mm) sands 
with relatively large amounts of tourmaline, and zone 3 sands are 
glauconite-rich medium sands. 
2. The major source of beach sand from Sandy Hook to Baraegat 
Inlet (zone 3) is the Tertiary formations occurring between Asbury 
Park and Monmouth.  Littoral currents affect southward sand transport 
across Manasquan Inlet, probably during large storms. 
3. The beach sands from Barnegat Inlet to Brigantine Inlet 
(northern zone 2) are currently derived from the inner-continental 
shelf.  The net sediment transport direction from shelf to beach is 
to the southwest, not directly onshore. 
A.  The immediate source of beach sand from Brigantine Inlet 
to Cape May (zone 1) is the continental shelf sand relatively close 
to shore (within 7 km). 
5. The Delaware Bay shore (southern zone 2) beach sands are 
derived from the Cape May Formation which crops out along the beaches. 
6. During normal conditions sand is transported by littoral 
drift along the beaches, but significant sand transport may not occur 
across major inlets.   During large storms, however, large volumes of 
sediment appear to have been transported across the Manasquan and 
Little Egg Inlets. 
83 
7. The present day sands of the Great Egg Harbor, Mullica, 
and Wading Rivers are not being transported in noticeable amounts 
to the New Jersey beaches. 
8. Textural variation in nearshore (less than 18m depth) 
continental shelf (source) sediments accounts for the discontinuity 
in beach sediment median size observed at Little Egg Inlet, rather 
than selective sorting by longshore transport. 
9. Hornblende-rich (zone 1) beach sands are apparently derived 
from late-Pleistocene/Holocene fluvial sediments deposited on the 
present continental shelf.  These sediments may be related to deposits 
of the Bridgeton Formation and associated with Pleistocene deposition 
from an ancestral Hudson River. 
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APPENDIX I.  Beach, Shelf, and River Sample Locations and Descriptions. 
BEACH SAMPLES 
Collection Lat./ 
No. Date/Time  Long. 
Bl 8/25/79 40°28.3' 
1030    74°00.0' 
B2 8/25/79 40°24.5' 
1115    73°58.7' 
B3 8/25/79 40°20.4* 
1145    73°58.4' 
B4 8/25/79 40°15.9' 
1215    73°59.1' 
B5 8/25/79 40°11.7' 
1430    74° 0.5' 
B6 8/25/79 40° 8.2' 
1500 74° 1.6' 
B7 8/25/79 40° 3.5' 
1600 74° 2.7' 
B8 8/25/79 39°58.2' 
1630 74° 4.1' 
B9 8/25/79 39°54.2' 
1815 74° 4.8' 
B10 8/25/79 39°49.5' 
1745 74° 5.5' 
Bll 8/27/79 39°45.2? 
1645 74° 6.2' 
Distance from 
North (km) Observations 
2     Sandy Hook (North Beach). 
Wide beach with no sand 
build-up at groins. 
10     Sandy Hook.  Narrow beach due 
to beach wall. Large sand 
build-up south of groins. 
18 Galilee. Narrow beach due to 
beach wall. Some sand build- 
up south of groins. 
26     Elberon.  Very narrow, dis- 
continuous beach due to 
beach wall.  Large sand 
build-up south of groins. 
35     North of Shark River.  Wide 
beach.  Some sand build-up 
south of groins. 
43     Sea Girt.  Wide beach.  Some 
sand build-up south of groins. 
51     Bay Head.  Wide beach.  Some 
sand build-up south of groins. 
59 Lavallete. Wide beach. Some 
sand build-up south of groins. 
68     Island Beach State Park. 
Wide beach.  No groins. 
76     Island Beach State Park. 
Wide beach.  No groins. 
84     Barnegat Light.  Wide beach. 
No groins.  Some sand build-up 
south of jetty. 
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APPENDIX I. (Continued) 
BEACH SAMPLES 
Collection Lat./ 
No. Date/Time  Long. 
B12 8/27/79 39°A1.6' 
1730    74° 8.3' 
B13 8/27/79 39°38.3' 
1800    7A°10.9' 
B1A 8/27/79 39°35.o' 
1815    7A°13.2* 
B15 8/27/79 39°31.A' 
1600 7A°16.3' 
B16 8/27/79 39°28.6' 
1100 7A°18.6' 
B17 8/26/79 39°22.9' 
1815 7A°23.A' 
B18 8/26/79 39°20.8' 
1730 7A°27.1' 
B19 8/26/79 39°18.2' 
1700 7A°32.1' 
B20 8/26/79 39°14.5' 
1615 7A°37.2' 
B21 8/26/79 39°11.6* 
1530 7A°39.6' 
B22 8/26/79 39° 7.5' 
1AA5    7A°A2.6* 
Distance from 
North (km) 
92 
101 
109 
117 
122 
13A 
1A2 
150 
158 
167 
175 
Observations 
Harvey Cedars.  Wide beach. 
Little sand build-up south 
of groins. 
Ship Bottom.  Wide beach. 
Some sand build-up south 
of groins. 
Spray Beach. Wide beach. 
Some sand build-up south 
of groins. 
South end of Long Beach 
Island.  Wide beach.  No groins. 
Pullen Island.  Wide beach. 
No groins. 
Brigantine.  Wide Beach.  No 
sand build-ap at groins. 
Atlantic City. Very wide 
beach.  No sand build-up at 
infrequent groins. 
Longport.  Wide beach.  No sand 
build-up at infrequent groins. 
Peck Beach, 
groins. 
Wide beach.  No 
Strathmere. Narrow beach 
with beach wall. No sand 
build-up on only groin. 
Sea Isle City. Very wide 
beach.  No groins. 
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APPENDIX I. (Continued) 
BEACH SAMPLES 
Collection Lat./ 
No. Date/Time  Long. 
B23 8/26/79 
1415 
B24 8/26/79 
1330 
39° 3.7* 
74°44.9' 
38°59.7' 
74°47.3' 
Distance from 
North (km) 
183 
B25 8/26/79 38°57.7' 
1200 74°50.5' 
B26 8/26/79 38°55.7' 
1100 74°55.8* 
B27 8/26/79 38°59.3' 
1030 74°57.6' 
B28 8/26/79 39° 3.8' 
1000    74°52.4' 
Observations 
Stone Harbor. Wide beach. 
No groins. 
191     North Wildwood.  Extremely 
wide beach.  No groins. 
200     Wildwood Crest.  Very wide 
beach.  No groins. 
208     Cape May.  Wide beach.  No 
sand build-up at groins. 
216     Town Bank.  Narrow beach.  No 
sand build-up at groins. 
Land-fill adjacent to beach. 
224     Norburys Landing.  Narrow beach. 
No sand build-up at groins. 
SHELF SAMPLES 
No.  Date   Time 
Depth        Color 
Lat./Long.    (m)   Code   Description 
56 5/23/80 1505 38°53.0'/74°37.1'   20  5Y4/4   Moderate 
Olive Brown 
57 6/5/80  1515 38°59.5'/74°31.2'   19  5Y5/4   Moderate 
Olive Brown 
58 6/5/80  1500 39° 0.4'/74°30.7' 13 10YR6/4  Moderate Yellow- 
ish Brown 
59 6/5/80  1400 39° 9.0'/74°25.4'   20  5Y4/2   Olive Gray 
S10 6/5/80  1300 39o11.7774o21.0'   18  5Y5/1   Olive Gray 
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APPENDIX I. (Continued) 
SHELF SAMPLES 
No.  Date Time     Lat./Long. 
Depth 
(m) Code 
Color 
Description 
Sll 6/5/80 1250 39°12.0,/74°20.1' 19 5Y4/1 Olive Gray 
S12 6/5/80 1220 39015.2,/7A018.9' 20 5Y4/1 Olive Gray 
S13 6/5/80 1030 39°19.5'/74°13.7' 20 10YR5/2 Dark Yellow- 
ish Brown 
S14 6/5/80 0945 39°24.0,/74° 9.4' 17 10YR6/4 Moderate Yellow- 
ish Brown 
S15 6/11/80 1530 39028.2'/74° 7.4' 19 10YR4/2 Dark Yellow- 
ish Brown 
S16 6/11/80 1500 39°32.6'/74° 4.1' 18 10YR4/3 Dark Yellow- 
ish Brown 
S17 6/11/80 1425 39035.8'/740 4.9' 18 10YR4/2 Dark Yellow- 
ish Brown 
S18 6/11/80 1355 39°37.8'/74° 1.5' 20 10YR4/3 Dark Yellow- 
ish Brown 
S19 6/11/80 1330 39°43.0,/73°59.9' 20 10YR4/3 Dark Yellow- 
ish Brown 
S20 6/11/80 1300 39°47.6,/73058.4' 18 10YR4/3 Dark Yellow- 
ish Brown 
S21 6/5/80 0630 39°52.4,/73°57.5' 20 10YR5/4 Moderate Yellow- 
ish Brown 
S22 6/5/80 0545 39057.9'/73057.8' 21 10YR6/4 Moderate Yellow- 
ish Brown 
S23 6/5/80 0500 40° 2.7,/73057.2"' 23 10YR4/2 Dark Yellow- 
ish Brown 
S25 6/5/80 0000 40°10.0,/73°53.9' 17 5Y6/2 Light Olive Gray 
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APPENDIX I. (Com tinued) 
SHELF SAMPLES 
No.  Date Time Lat./Long. 
Depth 
Code 
Color 
Description 
S26 6/4/80 2305 40°16.2,/73o53.5' 21 5YR2/1 Brownish Black 
S32 6/4/80 2015 40ol8.8,/73°57.6' 12 5Y4/1 Olive Gray 
S33 6/4/80 1930 40o14.2,/73°58.9' 13 5Y4/1 Olive Gray 
S34 6/4/80 1810 40° 8.5'/74° 0.6' 14 5Y5/1 Olive Gray 
S36 6/4/80 1620 39°56.5'/74° 2.8' 15 10YR4/2 Dark Yellow- 
ish Brown 
S37 6/4/80 1525 39°51.4'/74° 4.4' 11 10YR6/2 Pale Brown 
S38 6/4/80 1430 39°44.8'/74° 4.8' 11 10YR6/2 Pale Brown 
S39 6/4/-80 1340 39°39.5'/74° 8.4' 11 5Y4/1 Olive Gray 
S40 6/4/80 1245 39o35.2,/74o12.0' 10 5Y5/2 Light Olive Gifj 
S41 6/4/80 1155 39°29.1,/74015.1' 9 5Y4/2 Olive Gray 
S42 6/4/80 1115 29°i5.3' nu°n.i' 9 5Y4/2 Olive Gray 
S43 6/4/80 1035 39°21.2,/74°22.2' 7 5Y4/2 Olive Gray 
S44 6/4/80 0950 39o19.2,/74°28.0' 5 5Y3/2 Olive Gray 
S45 6/4/80 0930 39016.4'/74o29.4* 10 5Y3/2 Olive Gray 
S46 6/4/80 0800 39° 6.6'/74°40.9' 9 5Y3/2 Olive Gray 
S47 6/4/80 0700 39° 1.0,/74°44.6' 11 5Y4/2 Olive Gray 
S48 6/4/80 0640 39° 0.2'/74°46.0' 10 5Y3/2 Olive Gray 
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SHELF SAMPLES 
No.  Date   Time     Lat./Long. 
S49 6/4/80  0605 38°57.5*/74°47.9* 
Depth Color 
(m)   Code   Description 
10  5Y3/2   Olive Gray 
RIVER SAMPLES 
No. Date 
Lat./ 
Long. Location 
Color 
Code Description 
R2 6/10/80 39°27.1'  Great Egg Harbor 10YR2/2 
74°43.3'  River; Route 50; 
Mays Landing, NJ 
R3 6/10/80 39°36.7'  Mullica River; 
74°35.5'  Route 563; 
Green Bank, NJ 
R4 6/10/80 39°37.0'  Wading River; 
73°29.6'  Route 542; 
Wading River, NJ 
10YR2/4 
10YR2/4 
Dusky Yellowish 
Brown 
Dusky Yellowish 
Brown 
5YR3/1  Brownish Black 
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APPENDIX II.  Heavy Mineral Data of McMaster (1954).  Values are 
number percentages except for magnetite, which is 
weight percent,  x denotes trace (0.5Z or less) 
amount. 
1.75 - 2.25 PHI FRACTION 
Sample Location (km from north) 
Minerals 0   6  15 23 31 35 36 39 48 56 
Andalusite 6.1 1.2 2.9 3.9 0.9 1.9 1.2 3.7 0.6 2.6 
Chlorite 0.0 0.0  x 1.3 0.0 0.0 0.0 x 0.0 0.6 
Diopside 0.6 0.6 0.9 0.0 0.6 2.5 1.8 2.6 2.5 4.5 
Epidote 0.0 0.9 2.1 1.9 0.0 x x 0.0 x 0.0 
Garnet 0.9 16.3 2.7 3.9 3.1 2.5 3.3 2.3 2.2 2.2 
Glauconite    85.3 10.8 37.9 46.0 47.1 43.8 46.6 39.7 25.0 22.4 
Hornblende 0.6 4.0 6.2 1.9 5.2 3.3 2.4 6.0 6.5 6.7 
Hypersthene 0.0 1.2 0.0 x x 0.5 x 1.4 0.6 0.6 
Kyanite, 1.2 2.2 0.9 1.9 2.1 2.5 1.8 0.9 1.9 1.0 
Muscovite 0.0 0.0 0.0 0.0 0.0 x x 0.0 0.0 0.0 
Sillimanite 0.6  x  0.6 0.0 1.6 0.8 2.4 2.6 1.9 1.0 
Staurolite 3.2 29.5 12.8 17.2 10.7 5.5 5.6 7.5 9.0 7.4 
Tourmaline 2.1 2.5 8.3 5.2 4.7 6.1 5.9 3.4 5.9 3.5 
Tremolite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Zircon 0.0  x  0.0 x 0.0 0.0 x 0.0 0.9 0.0 
Collophane 0.0 0.0 0.9 0.0 x 0.8 x 0.6 x 1.6 
Black Opaques 2.1 22.5 11.3 9.7 17.5 15.0 15.7 16.4 25.0 31.7 
Leucoxene 1.8 2.5 3.9 3.6 1.8 4.2 4.7 4.6 7.7 7.4 
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1.75 - 2.25 PHI FRACTION 
Minerals 64 72 
Sample Location (km 
81  89  97  106 
from 
114 
north) 
119 129 137 
Andalusite 2.2 2.0 1.9 2.8 1.2 1.2 X X 1.2 2.5 
Chlorite 0.0 0.6 X X 0.0 X 1.2 1.6 0.0 0.0 
Dlopside 2.2 3.5 3.1 3.7 2.5 2.2 1.4 2.9 2.7 1.9 
Epldote X X X 0.6 0.9 X 0.0 0.6 3.4 0.0 
Garnet 1.3 6.8 7.1 5.9 3.4 5.7 9.9 6.9 7.7 1.9 
Glauconite 14.3 7.0 2.2 1.1 0.9 X 0.0 X 0.0 2.2 
Hornblende 6.8 10.3 9.0 6.5 6.2 7.0 3.2 2.7 30.3 15.8 
Hypersthene 0.8 0.6 1.2 1.7 0.9 X 0.0 0.9 3.4 1.5 
Kyanite 1.6 1.8 2.8 2.3 1.8 2.2 1.4 1.5 X 0.0 
Muscovite 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 3.1 8.1 
Sillimanite 2.4 2.7 1.2 1.7 2.7 1.9 1.7 3.'4 2.2 4.0 
Staurolite 5.9 8.5 12.4 7.7 10.8 7.0 12.8 17.3 3.4 X 
Tourmaline 5.7 7.6 5.3 11.0 9.9 5.7 2.6 6.6 4.6 3.4 
Tremolite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.6 
Zircon 1.8 X 1.2 1.4 0.0 0.0 2.6 0.9 0.6 0.0 
Collophane 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Black Opaques 37.9 37.7 44.2 40.8 43.2 52.4 56.9 49.3 24.4  7.4 
Leucoxene     8.7 4.1 3.4 5.1 8.3 6.4  3.5  0.9  2.2  5.0 
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1.75 - 2.25 PHI FRACTION 
Sample Location (km from north) 
Minerals 160 193 201 206 209 218 226 
Andalusite 1.2 0.9 0.0 1.0 1.3 1.8 0.8 
Chlorite 1.6 7.5 46.5 1.5 0.0 0.8 x 
Diopside 6.9 5.3 1.3 x 0.8 0.8 x 
Epidote 1.9 2.8 0.0 1.3 0.8 0.5 0.0 
Garnet 2.2 10.0 0.7 4.0 5.9 3.9 2.5 
Glauconite 2.2 x 0.0 0.0 0.0 0.0 0.0 
Hornblende 36.3 31.2 2.9 12.8 5.2 3.1 x 
Hypersthene 1.6 5.9 1.4 1.0 1.1 1.8 x 
Kyanite 0.0 0.9 0.0 0.7 3.9 2.1 1.5 
Muscovite 0.5 6.9 27.4 0.5 0.0 0.0 0.0 
Sillimanite 4.4 2.8 0.0 4.5 2.6 1.3 2.8 
Staurolite 0.9 0.6 0.0 9.8 16.3 10.4 9.3 
Tourmaline 5.3 1.2 x 10.5 4.9 3.4 4.8 
Tremolite x 0.6 0.0 x 0.0 0.0 x 
Zircon 0.0 1.9 0.7 0.7 1.8 1.8 6.6 
Collophane 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Black Opaques  7.2 12.7 5.6 32.9 48.3 62.4 63.7 
Leucoxene 4.1 4.0 1.0 7.5 2.6 2.9 2.0 
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2.25 - 2.75 PHI FRACTION 
Sample Location (km from north) 
Minerals 0   6  15 23 31 39 48 56 64 72 
Andalusite x  1.2  x 2.1 1.8 2.1 x 0.5 0.6 x 
Apatite 0.0 0.0 0.0 0.0 0.0 x 0.0 0.0 0.0 0.0 
Chlorite 0.0 0.0 0.0 x x x 0.0 0.0 0.0 0.0 
Diopside x  0.5  x 0.0 1.8 3.6 3.1 3.0 2.0 3.8 
Epidote 1.4 0.8 3.9 4.9 2.0 1.2 0.6 1.8 1.1 1.3 
Garnet 2.9  7.8 7.0 7.0 6.4 6.3 6.7 11.5 4.8 6.7 
Glauconite 56.0 4.8 7.3 18.8 8.7 11.0 7.3 4.4 8.0 4.8 
Hornblende 2.9 2.4 2.7 1.2 5.8 11.0 10.0 4.1 6.6 10.5 
Hypersthene 1.4 0.5 0.0 0.0 0.6 1.2 1.2 2.2 2.3 1.3 
Kyanite 2.3 1.6 1.2 3.9 2.6 1.5 1.8 1.4 2.0 1.6 
Muscovite 0.0 0.0 0.0 0.0 x 0.0 x 0.0 0.0 0.0 
Rutile 0.6 1.3 1.2 0.9 1.4 0.0 0.6 1.4 0.6 x 
Sillimanite 0.6  x   x 0.9 1.2 3.3 3.7 1.4 1.1 1.6 
Staurolite 10.9 11.8 17.0 17.6 13.8 6.0 8.2 10.1 6.9 5.7 
Titanite 0.0 0.5 0.0 0.0 0.0 0.0 x x x x 
Tourmaline 2.3 1.3 2.7 3.9 x 1.2 2.1 3.0 1.4 3.8 
Tremolite 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 
Zircon x  6.5  3.9 1.5 1.2 1.5 0.6 1.9 1.1 2.4 
Chloritoid 1.1  x  0.6 2.1 0.0 0.0 0.0 x 1.4 x 
Black Opaques 12.9 54.8 45.7 28.6 46.6 42.4 41.2 47.6 50.4 49.3 
Leucoxene 1.7 1.6 2.2 4.2 2.6 3.0 5.2 2.2 6.3 2.9 
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2.25 - 2.75 PHI FRACTION 
Sample 'Location (km from north) 
Minerals 81  89 97 106 114 119 122 129 137 145 
Andalusite 2.1 1.0 0.6 1.2 0.0  x x 0.5 1.1 0.8 
Apatite 0.0 0.0 0.0 x 0.0 0.0 0.0 x x x 
Chlorite 0.0 0.0 0.6 x 0.0 0.0 x 1.9 3.5 2.0 
Diopsida 0.9 2.3 1.8 2.1  x 1.1 3.8 3.0 2.9 5.9 
Epidote 0.0  x 2.3 0.6  x 0.5 3.5 2.7 3.3 2.4 
Garnet 7.5 9.3 6.2 5.0 8.3 6.2 2.9 3.5 2.7 2.2 
Glaucontte 1.5 0.0 0.6 0.6 0.0 0.0 0.0 x 0.5 0.0 
Hornblende 6.9 9.9 11.1 10.4 2.1 12.4 46.8 36.3 36.1 49.2 
Hyperathene 2.7 1.0 1.2 1.5 0.9 1.1 2.3 2.7 4.6 4.4 
Kyanlte 1.2 1.0 2.1 3.0 0.6 0.8 0.6 0.0 0.0 0.6 
Muscovite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.5 0.8 x 
Rutlle         x  0.0 0.0 0.0  x 0.5 x 0.0 0.0 x 
Sillimanite    x  1.8 2.9 4.2 0.6 1.9 2.9 1.9 1.6 4.4 
Staurolite 8.7 7.4 5.3 4.7 3.6 6.2 3.2 1.4 0.5 x 
Titanite 0.0 0.8 0.6 x   x   x 0.0 0.0 0.8 x 
Tourmaline 2.1 1.3 2.9 3.0 0.6 3.2 3.5 1.4 3.5 0.8 
Tremolite 0.0 0.0 0.0 0.0 0.0 0.0 1.5 1.4 2.3 2.5 
Zircon 0.6 1.0 0.9 x 5.7 1.6 x 0.8 0.0 0.0 
Chloritoid      x   x 0.6 x   x 0.0 0.6 x 0.5 x 
Black Opaques 62.2 56.4 55.5 55.3 73.5 58.8 16.9 17.5 3.3 1.7 
Leucoxene 0.9 2.3 3.5 3.3 2.4 2.4 2.6 2.5 4.9 2.0 
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2.25 - 2.75 PHI FRACTION 
Sample Location (km from north) 
Minerals 152 160 168 176 185 193, 201 206 209 218 
Andalusite Q.O    0.5 0.5 0.5 0.0 0.5  x 0.5 0.0 0.9 
Apatite 0.0 0.7 0.5 1.0  x 0.0 0.8 x x 0.0 
Chlorite 10.9 1.2 1.0 1.3 11.3 5.1 21.6 0.5 0.0 0.6 
Diopside 3.3 6.8 6.4 5.8 2.2 4.4 1.4 3.1 2.2 1.7 
Epidote 0.9 1.7 2.4 3.4 1.6 2.6  x 4.1 1.7 1.1 
Garnet 4.7 1.5 6.7 3.5 1.6 3.5 1.4 7.5 7.8 5.7 
Glauconite 0.9  x 0.0 x  1.3 1.0 0.8 x 0.0 0.0 
Hornblende 23.7 54.3 43.6 49.4 24.7 38.0 20.2 36.2 12.4 8.9 
Hypersthene 2.7 4.1 2.9 2.5 1.3 3.0 2.6 3.9 2.9 1.1 
Kyanite 0.0 0.0 0.7 x  0.0 0.0 0.0 x 0.7 1.4 
Muscovite 2.7 0.5 x x 10.5 5.9 19.5 0.0 0.0 x 
Rutile 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.G x x 
Sillimanite 4.4 3.1 3.0 3.4 1.6 1.8 1.8 4.6 2.4 0.9 
Staurolite 0.6 0.5 2.0 x  0.6 0.5 0.0 2.1 7.8 4.3 
Titanite 0.0  x 0.5 x  0.0 0.5  x x 0.0 0.0 
Tourmaline 1.5 1.7 0.5 1.5 1.6 0.5 1.3 2.8 1.2 1.4 
Tremolite 1.2 1.7 1.7 1.5 0.0 1.5 0.8 2.3 0.0 0.0 
Zircon 0.0  x 0.0 0.0 0.0 0.0  x 1.8 3.9 6.6 
Chloritoid x  0.0 0.5 x  0.8 0.5  x x 1.0 0.0 
Black Opaques  6.8 5.1 12.0 2.3 1.3 7.2 3.9 15.9 49.5 58.3 
Leucoxene 3.0 0.7 2.6 2.3 2.4 2.0 2.3 4.6 3.4 2.9 
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2.25 - 2.75 PHI FRACTION 
Minerals 
Sample Location (km frotQ north) 
226 
AndalusiCe X 
Apatite 0.0 
Chlorite X 
Diopside 0.0 
Epldote X 
Garnet X 
Glauconite 0.0 
Hornblende 1.6 
Hypersthene X 
Kyanite 1.9 
Muscovite 0.0 
Rutlie 1.3 
Sillimanite 1.6 
Staurolite 6.8 
Titanite 0.0 
Tourmaline 0.8 
Tremolite 0.0 
Zircon 5.4 
Chloritoid 0.0 
Black Opaques 75.4 
Leucoxene 2.4 
104 
APPENDIX II. (Continued) 
2.75 - 3.25 PHI FRACTION 
Sample Location (kg from north) 
Minerals 6  15 23 31 39 64 81 89  97 106 
Magnetite 1.9  x x 6.7 0.4 2.5 x x   x 0.0 
Andalusite 0.8 1.1 0.8 1.2 0.8  x x x  0.0 0.0 
Apatite 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 x 
Chlorite 0.0 0.0 0.0 0.0  x 0.0 x x  0.0 x 
Diopside 1.0 0.0 x 1.2 1.5 1.2 x 0.0 0.7 0.8 
Epidote 1.6  x 1.4 1.8 1.8 0.9 x 1.2 1.4 2.2 
Garnet 5.6 3.1 4.2 6.2 5.7 10.7 5.4 10.4 7.2 5.3 
Glauconite 1.6 3.6 1.4 2.1 2.1 1.5 x 0.0  x x 
Hornblende 2.4  x 2.5 5.9 9.8 2.4 1.2 8.4 5.7 15.6 
Hypersthene 1.3 0.6 1.6 1.2 3.6 0.6 l.A 1.4  x 2.2 
Kyanite 1.0 0.6 2.5 1.5 0.8 0.9 1.2 x   x x 
Muscovite 0.0 0.0 0.0 0.0 0.0 0.0  x CO 0.0 0.0 
Rutile 1.6 1.1 1.7 1.5 0.5 0.9 1.0 0.9 1.0 1.4 
Sillimanite x  0.6 0.6 0.0 0.8 0.6  x 0.9  .x 1.4 
Staurolite 4.0 2.5 5.9 3.3 2.6 2.4 2.4 1.7 1.4 3.4 
Titanite 1.0 0.0 0.6 1.2  x   x 0.7 x  0.0 0.0 
Tourmaline 0.8 1.1 0.6 1.8 1.0 0.0  x 0.6  x x 
Tremolite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Zircon 7.2 6.4 4.0 7.7 1.8 9.4 12.9 9.6 9.9 2.2 
Chloritoid 0.5 0.0  x 0.0 0.5  x 0.0 0.0  x x 
Black Opaques  65.6 74.8 65.6 57.0 57.3 65.5 71.4 62.4 65.8 59.5 
Leucoxene 1.9 1.1 2.3 1.8 2.3 1.8 1.2 x  2.5 2.2 
105 
APPENDIX II.  (Continued) 
2.75 - 3.25 PHI FRACTION 
Sample Location (km from north) 
Minerals 114 119 122 129 137 145 152 160 168 176 
Magnetite x   x x x 0.0 x 0.0 0.0 x x 
Andalusite 0.0  x 0.6 x 0.0 0.0 0.0  x 0.0 0.0 
Apatite 0.0  x 2.7 0.5 1.6 2.1 1.2 2.7 1.7 0.5 
Chlorite 0.0 0.0 0.0 x x x x 0.0 0.6 x 
Diopside 0.5  x 2.8 4.0 3.8 3.9 3.4 4.0 3.8 3.6 
Epidote x  1.9 7.1 5.0 8.1 5.5 5.6 6.4 5.8 5.5 
Garnet 6.0 10.0 6.5 9.2 2.7 2.8 2.2- 5.1 11.0 3.9 
Glauconite 0.0 0.0 x 0.0 0.0 0.0 x 0.0 0.6 0.0 
Hornblende 3.7 14.7 48.2 52.6 56.7 60.4 57.9 55.4 39.1 60.0 
Hypersthene 1.3 1.9 4.7 5.4 4.9 4.1 3.2 5.6 5.2 5.2 
Kyanite 0.5  x 0.6 x x 0.5 0.7 0.0 x 0.5 
Muscovite 0.0 0.0 0.0 x 0.5 0.0' 0.7 0.0 0.0 0.0 
Rutile 1.6 0.0 0.0 0.0 x 0.0, 0.0  x 0.0 x 
Sillimanite 0.0 1.2 2.7 2.4 1.9 2.1 2.7 2.4 2.6 1.9 
Staurolite 1.0 1.2 1.2 0.5 x 0.5 x   x 0.9 0.5 
Titanite 1.3  x 0.6 1.0 1.1 0.5 x 1.9 0.9 0.8 
Tourmaline x  0.0 0.9 0.7 1.1 x 0.5 0.5 0.0 0.8 
Tremolite 0.0 0.0 0.6 1.4 1.4 i:'7 1.9 0.5 1.7 1.4 
Zircon 17.7 8.4 x 1.2 0.8 x 0.5  x 1.4 0.0 
Chloritoid 0.0  x x 0.5 0.5 1.1 x 0.0 0.9 x 
Black Opaques 64.156.4 12.4 7.1 4.9 2.1 3.7 6.110.4 2.5 
Leucoxene 1.3 1.2 1.2 1.7 1.6 1.7 1.0 1.1 1.2 1.4 
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2.75 - 3.25 PHI FRACTION 
Minerals 185 
Sample 
193 
Location (km from north) 
201  206  209  218  226 
Magnetite 0.0 X 0.0 X 0.1 0.0 0.0 
Andalusite X 0.0 0.0 X 0.0 1.2 0.0 
Apatite 2.9 1.4 2.0 1.5 0.0 X 0.0 
Chlorite X 1.0 2.0 0.0 X X X 
Dlopside 2.6 3.6 3.3 3.7 1.8 1.8 0.0 
Epidote 6.0 6.1 4.3 6.7 3.4 9.2 0.8 
Garnet 3.1 5.6 3.3 10.6 20.4 9.5 1.0 
Glauconite 0.0 0.5 0.0 0.0 0.0 0.0 0.0 
Hornblende 56.4 57.2 57.8 46.0 12.4 24.2 1.0 
Hypersthene 4.3 4.4 4.3 3.7 0.8 3.7 X 
Kyanite 0.0 0.0 0.5 0.0 0.0 0.6 0.8 
Muscovite 0.5 X 1.2 0.0 0.0 0.0 0.0 
Rutile 0.0 0.0 0.0 0.0 0.5 X 1.3 
Sillimanite 0.7 0.8 2.0 2.0 1.6 j 1.2 0.5 
Staurolite X 0.8 X X 0.8 2.4 1.9 
Titanlte 1.4 0.5 0.5 0.6 0.5 1.5 X 
Tourmaline 0.7 X 0.5 1.3 X 1.8 0.8 
• 
Tremolite 1.7 1.7 0.8 0.6 0.0 0.0 0.0 
Zircon 0.0 0.5 X 1.1 X 0.6 X 
Chloritoid 0.2 X 0.0 1.1 X 0.6 X 
Black Opaques 1.4 5.0 1.2 16.4 48.4 29.4 69.1 
Leucoxene 1.7 1.0 1.2 1.2 1.1 2.4 1.6 
107 
APPENDIX III.  Methods 
Preparation of Beach Samples for Size Analysis 
Each of the 28 beach sand samples was slaked (to remove salt), 
dispersed with sodium hetametaphosphate (to disperse clays), and 
then wet sieved through a .062 mm sieve (to separate out all sedi- 
ment finer than 40).  Sample B28 contained some plant debris, which 
was removed manually.  The coarse fractions (greater than .062 mm) 
were dried and sieved from 2.0 mm (-10) to .062 mm (40) at one- 
half phi intervals.  The size fractions were then weighed and 
saved. 
Almost all liquid was removed from the fine (less than 0.62 mm) 
fractions with candle filters.  After rinsing the fine sediment 
into a beaker, organic material was removed by adding 100 ml of 
sodium hypochlorite (5-6 percent solution buffered to a pH of 9.5 
with hydrochloric acid).  The mixtures were heated in a hot water 
bath at 80°C for 45 minutes.  After cooling and candle filtering, 
the sediment samples were washed into centrifuge tubes and centri- 
fuged at 5000 RPM for 15 minutes.  The supernatant liquid was 
poured off and the fine (less than .062 mm) sediments were rinsed 
into preweighed beakers, dried, and weighed. 
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Preparation of Beach Samples for Mlneralogical Analysis 
Beach samples were selected for mineralogical analysis 
partially on the basis of the Q-mode factor analysis results 
(Appendix VII).  Samples Bl, B14, B18, and B28 (figure 2) were 
all taken in close proximity to the end member samples defined 
by analysis of McMaster's (1954) data.  To get a more complete 
coverage of the coast, samples B3, B6, B8, BIO, B12, B16, B21, B23, 
B25, and B27 (figure 2) were also analyzed. 
Prepared sand samples (unsieved) were sieved to remove all 
sediment coarser than .297 mm (1.750) and finer than .105 mm 
X3.250).  The remaining sand ranged in size from .297 - .105 mm 
and included t • 1.75 - 2.250, 2.25 - 2,750, and 2.75 - 3.250 
fractions. 
Heavy mineral separations were done using a mixture of 
tetrabromoethane (s.g. ■ 2.96 Mg/m3) and dimethyl formide (s.g. - 
0.95 Mg/m3) with a specific gravity of 2.78 Mg/m3.  This mixture 
had a sufficiently low specific gravity for separating the horn- 
blende (s.g. ■ 3.2 Mg/m ), black opaques (s.g. greater than 4.1 Mg/m3), 
tourmaline (s.g. - 3.0 - 3.25 Mg/m3), and a large percentage of the 
glauconite (s.g. greater than 2.3 Mg/m3) (Hurlbut, 1971). 
McMaster (1954) used bromoform (s.g. - 2.85 Mg/m ) as a separating 
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liquid, and his percentages of glauconite should therefore be lower 
than those resulting from this study. 
After settling for 24 hours under normal gravity, the heavy 
fractions were washed with acetone, and then sieved into 1.75-2.250, 
2.25-2.750, and 2.75-3.250 fractions.  These fractions were then 
mounted on glass slides under cover slips with Lakeside 70 (index 
of refraction - 1.540). 
Only the hornblende, glauconite, tourmaline, and black opaque 
grains were included in the point count.  Three hundred grains vtere 
counted on each slide.  This number was arrived at by calculating 
the confidence intervals on estimated mineral percentages, and then 
deciding if those intervals were small enough to distinquish between 
various mineral zones. 
X-ray Diffraction Methods 
A bulk heavy mineral fraction (s.g. greater than 2.78 Mg/m ) 
was separated from sample Bll, and a trace amount of magnetite was 
removed using a hand magnet.  With the aid of a binocular microscope 
and a suction apperatus, black opaque grains were picked out 
mechanically.  When about two hundred were collected, they were 
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ground with a diamonite mortar and pestle, and then the powder 
was suspended in a distilled water slurry and pipetted to a glass 
slide.  After air drying overnight, the slide was x-rayed on a 
Norelco X-ray Diffractometer using Cu^g^^a radiation.  The slide 
was scanned from zero to 70 degrees two-theta. 
A bulk heavy mineral fraction (s.g. greater than 2.78 Mg/tn-*) 
was separated from sample B23, and magnetic separations were done 
to increase the percentage of hornblende in the subsample.  The 
resulting sediment was then ground with a diamonite mortar and 
pestle, pipetted onto a glass slide, air dried, and x-rayed. 
Preparation of Source Samples for Mlneralogical Analysis 
Source samples were prepared for microscopic examination 
using the same methods as those used for the beach samples, 
with one exception.  The river samples were heavily iron stained, 
as noted by a color change of the heavy liquid from yellow 
to red following the heavy mineral separations.  Therefore the 
heavy mineral fractions for the three river samples were boiled 
in a 20% nitric acid solution prior to mounting on glass slides, 
to remove the iron stains. 
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APPENDIX IV. Preliminary Varimax Rotated Factor Measures 
Resulting from R-mode Factor Analysis of 
Data Obtained by Master (1954). 
1.75 - 2.25 PHI FRACTION 
Sample Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
0 .01111 0.00000 1.00000 1.00000 0.00000 
6 .06860 .78468 .27941 .85747 .75^19 
15 .15132 .45061 .74716 .74977 .43208 
23 .03679 .37281 .72040 .88471 .38998 
31 .07896 .40898 .69220 .74035 .36573 
35 .13125 .39894 .75943 .66306 .40883 
36 .11199 .39431 .75582 .65563 .37192 
39 ..19800 .44440 .73936 .64956 .44929 
48 .18269 .61885 .60536 .45477 .58844 
56 .19920 .64676 .58657 .40753 .67583 
64 .19319 .76023 .50357 .23818 .72272 
72 .25350 .85276 .42187 .32996 .77720 
81 .18647 .92148 .29274 .32245 .85886 
89 .21632 .91271 .39091 .23204 .84885 
97 .18569 .91123 .38514 .17617 .85684 
106 .17366 .94643 .28080 .12999 .90058 
114 .06088 .99570 .11705 .21794 .92013 
119 .07775 .96764 .19099 .28656 .87143 
129 .76695 .82107 .44950 .44390 .75967 
137 .76726 .'50740 .49457 .31644 .73923 
160 .90788 .72658 .71898 .45791 .63662 
193 .96645 .71809 .45947 .49707 .77769 
201 1.00000 .08318 0.00000 .12480 1.00000 
206 .33855 .87807 .44405 .24402 .78039 
209 .08401 .95965 .20234 .29285 .87391 
218 .05774 .99012 .14149 .11161 .93458 
226 0.00000 1.00000 .09487 0.00000 .90150 
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2.25 - 2.75 PHI FRACTION 
Sample 
0 
6 
15 
23 
31 
39 
48 
56 
64 
72 
81 
89 
97 
106 
114 
119 
122 
129 
137 
145 
152 
160 
168 
176 
185 
193 
201 
206 
209 
218 
226 
Factor 1 Factor 2 Factor 3 
.22089 1.00000 1.00000 
.04703 .24115 .19403 
.08078 .44993 .32878 
.13007 .79179 .58291 
.13836 .44653 .31305 
.28384 .49517 .30993 
.28075 .50681 .29730 
.15779 .41577 .21503 
.19001 .43069 .28250 
.24446 .40210 .21439 
.11472 .23473 .12182 
.18848 .28043 .11070 
.22848 .36009 .15886 
.23682 .34615 .15477 
.01726 .00934 0.00000 
.20156 .26902 .12039 
.80097 .83089 .36818 
.74375 .62258 .41806 
.85266 .82922 .51875 
.98845 .87719 .44898 
.76329 .51992 .57266 
1.00000 .84910 .42177 
.83126 .80365 .36046 
.96268 .88503 .44577 
.80601 .42013 .74870 
.85909 .63500 .54127 
.84294 .08383 .90866 
.73678 .80710 .33954 
.25781 .36284 .16277 
.17247 .18720 .11179 
0.00000 0.00000 .05893 
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2.75 - 3.25 PHI FRACTION 
Sample 
6 
15 
23 
31 
39 
64 
81 
89 
97 
106 
114 
119 
122 
129 
137 
145 
152 
160 
168 
176 
185 
193 
201 
206 
209 
218 
226 
Factor 1 Factor 2 Factor 3 
.07538 
.34055 
.40937 
0.00000 
.23676 
.48020 
.07745 
.40205 
.49003 
.13602 
.52645 
.46590 
.23905 
.48169 
.46385 
.06946 
.15732 '. 26375 
.01366 
.04714 
.40006 
.14713 
.08659 
.28279 
.09914 
.10436 
.34933 
.25180 
.36485 
.48172 
.05989 0.00000 
.38473 
.24542 
.17649 
.32326 
.85560 
.89979 
.69620 
.90902 
.85876 
.64169 
.97309 1.00000 
.86282 
L.00000 
.98421 ,  .90124 
.96546 
.92831 
.94790 
.95885 
.94999 
.77934 
.81233 
.76632 
.52158 
.98618 
.98007 
.87218 
.97725 
.98572 
.90727 
.95095 
.89991 
.83958 
.98260 
.92497 1.00000 
.80929 
.77593 
.50965 
.30325 
.16153 0.00000 
.54508 
.71952 
.37804 
.00176 
.02282 
.51425 
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APPENDIX V. Varimax Rotated Factor Loading Matrices Resulting 
from R-mode Factor Analysis of Data Obtained by 
McMaster (1954). 
1.75 - 2.25 PHI FRACTION 
Variable Factor 1 Factor 2 Factor 3 
Andalusite .020 .422 .464 
Chlorite .093 -.879 .097 
Diopside .680 .165 .181 
Epidote .656 .037 -.080 
Garnet .122 .100 -.654 
Glauconite 
-.445 -.001 .656 
Hornblende .950 -.018 .015 
Hypersthene .793 -.229 -.218 
Kyanite 
-.555 .443, -.357 
Muscovite .154 -.891 .079 
Sillimanite .599 .297 -.177 
Staurolite -.514 .350 -.438 
Tourmaline .026 .723 .032 
Tremolite .790 
-.264 -.081 
Zircon -.076 
-.067 -.638 
Collophane -.120 .200 .611 
Black Opaques -.219 .388 -.711 
Leucoxene .183 .555 .321 
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2.25 - 2.75 PHI FRACTION 2.75- 3.25 PHI FRACTION 
Variable Factor 1 
Andaluslte -.284 
Apatite .623 
Chlorite .489 
Dlopslde .787 
Epldote .219 
Garnet -.523 
Glauconlte -.385 
Hornblende .926 
Hypersthene .817 
Kyanlte -.778 
Muscovite .402 
Rutile -.686 
Sillimanite .627 
Staurolite -.880 
Titanite .160 
Tourmaline -.168 
Tremolite .851 
Zircon -.591 
Chloritoid -.247 
Black Opaques -.804 
Leucoxene -.088 
Variable Factor 1 
Magm tite -.395 
Andaluslte -.452 
Apatite .824 
Chlorite .392 
Diopside .931 
Epidote .857 
Garnet -.079 
Glauconlte -.537 
Hornblende .972 
Hypersthene .895 
Kyanite -.568 
Muscovite .467 
Rutile -.898 
Sillimanite .825 
Staurolite -.797 
Titanite .328 
Tourmaline -.032 
Tremolite .847 
Zircon -.763 
Chloritoid .402 
Black Opaques -.976 
Leucoxene -.284 
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APPENDIX VI. Final R-mode Factor Measures Resulting from Factor 
Analysis on Data Presented by McMaster (1954). 
1.75 - 2.25 PHI FRACTION (number of factors set at 3) 
Sample 
0 
6 
15 
23 
31 
35 
36 
39 
48 
56 
64 
72 
81 
•89 
97 
106 
114 
119 
129 
137 
160 
193 
201 
206 
209 
218 
226 
Factor 1 Factor 2 Factor 3 
0.00000 
.69437 1.00000 
.29815 
.88677 
.21194 
.29838 
.85693 
.62988 
.16022 
.81740 
.65659 
.20377 
.81846 
.62378 
.25606 
.83102 
.66395 
.23831 
.83090 .66422 
.32545 
.83643 .63069 
.37990 
.89953 .46771 
.40299 
.90601 .44344 
.44247 
.94811 
.33959 
.51696 
.95847 
.24969 
.47084 
.96127 .14612 
.51761 
.99596 .20031 
.49301 1.00000 
.19746 
.47332 
.97665 .12610 
.37165 
.96016 
.01495 
.38965 
.97229 .06745 
.87286 
.81569 .29433 
.69393 
.61199 .48977 
1.00000 
.84481 
.48348 
.95502 
.69450 .36134 
.44326 0.00000 
.48539 
.60028 
.96558 
.24892 
.39277 
.97054 
.07764 
.37365 
.96909 
.03003 
.32384 
.96808 0.00000 
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2.25 - 2.75 PHI FRACTION (number of factors set at 1) 
Sample Factor 1 
0 .22089 
6 .04903 
15 .08078 
23 .13007 
31 .13836 
39 .28384 
48 .28075 
56 .15779 
64 .19001 
72 .24446 
81 .11472 
89 .18848 
97 .22848 
106 .23682 
114 .01726 
119 .20156 
122 .80097 
129 .74375 
137 .85266 
145 .98845 
152 .76329 
160 1.00000 
168 .83126 
176 .96268 
185 .80601 
193 .85909 
201 .84294 
206 .73678 
209 .25781 
218 .17247 
226 0.00000 
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2.75 - 3.25 PHI FRACTION (number of factors set at 1) 
Sample        Factor 1 
6 .07538 
15 0.00000 
23 .07745 
31 .13602 
39 .23905 
64 .06946 
81 .01366 
89 .14713 
97 .09914 
106 .25180 
114 .05989 
119 .24542 
122 .85560 
129 .90902 
137 .97309 
145 1.00000 
152 .96546 
160 .95885 
168 .81233 
176 .98618 
185 .97725 
193 .95095 
201 .98260 
206 .80929 
209 .30325 
218 .54508 
226 .00176 
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APPENDIX VII.  Oblique Projection Matrices Resulting from 
Q-mode Factor Analysis on Four Variables 
Obtained by McMaster (1954) (glauconite, 
hornblende, tourmaline, and black opaques). 
1.75 - 2.25 PHI FRACTION 
End Member Sampl es 
Sample 226 0 160 
0 .000 1.000 .000 
6 .848 .417 .159 
15 .239 .929 .163 
23 .182 .975 .041 
31 .308 .926 .102 
35 .293 .938 .073 
36 .293 .943 .049 
39 .757 .557 .169 
48 .644 .681 .185 
56 .757 .557 .169 
64 .880 .338 .169 
72 .889 .164 .268 
81 .937 .038 .204 
89 .942 .028 .171 
97 .953 .021 .154 
106 .964 -.005 .136 
114 .986 -.005 .053 
119. .987 .003 .059 
129 .470 -.048 .795 
137 .242 .073 .913 
160 .000 .000 1.000 
193 .185 -.060 .945 
201 .790 -.035 .464 
206 .844 -.009 .374 
209 .973 -.005 .110 
218 .989 -.004 .047 
226 1.000 .000 .000 
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2.25 - 2.75 PHI FRACTION 
End Member Samples 
Sample 226 145 0 
0 .000 .000 1.000 
6 .975 .019 .091 
15 .948 .032 .165 
23 .706 
-.005 .566 
31 .931 .092 .187 
39 .876 .213 .251 
48 .912 .206 .176 
56 .968 .062 .097 
64 .941 .101 .161 
72 .944 .185 .101 
81 .985 .089 .026 
89 .980 .153 .001 
97 .972 .177 .014 
106 .974 .165 .014 
114 1.000 .008 .000 
119 .972 .188 .003 
122 .308 .935 .004 
129 .403 .893 .004 
137 .055 .993 .019 
145 .000 1.000 .000 
152 .235 .955 .040 
160 .059 .995 .003 
168 .233 .960 -.000 
176 .012 1.000 .003 
185 .007 .995 .057 
193 .147 .979 .027 
201 .147 .977 .043 
206 .370 .908 .006 
209 .963 .223 .001 
218 .985 .131 .001 
226 1.000 .000 .000 
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2.75 - 3.25 PHI FRACTION 
End Member Samples 
Sample 226 201 
6 .999 .022 
15 1.000 -.013 
23 .999 .024 
31 .993 .089 
39 .983 .155 
64 .999 .022 
81 1.000 .003 
89 .989 .119 
97 .995 .072 
106 .963 .240 
114 .998 .043 
119 .963 .239 
122 .230 .966 
129 .114 .990 
137 .066 .996 
145 .014 1.000 
152 .043 .998 
160 .089 .993 
168 .238 .963 
176 .021 .999 
185 .004 1.000 
193 .067 .996 
201 .000 1.000 
206 .317 .938 
209 .964 .235 
218 .759 .625 
226 1.000 .000 
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APPENDIX VIII.  Size Analysis Results.  All values have been 
converted to millimeters. 
Location Median Trask Sorting Trask Skewness 
Sample (km from north) 
0 
(05O)mm 
.460 
025/075 075025/(05O)2 
Bl 1.189 1.000 
B2 10 .339 1.206 1.028 
B3 18 .321 1.164 1.000 
B4 26 .423 1.176 1.007 
B5 35 .301 1.218 .927 
B6 43 .460 1.222 .986 
B7 51 .418 1.117 1.000 
B8 59 .304 1.091 .993 
B9 68 .291 1.106 1.021 
BIO 76 .306 1.148 1.000 
Bll 84 .297 1.218 1.021 
B12 92 .268 1.144 .966 
B13 101 .304 1.168 .993 
B14 109 .245 1.152 .966 
B15 117 .213 1.202 .993 
B16 122 .164 1.164 1.014 
B17 134 .150 1.172 1.028 
B18 142 .130 1.129 1.021 
B19 150 .154 1.202 1.094 
B20 158 .163 1.172 1.057 
B21 167 .135 1.129 1.007 
B22 175 .160 1.176 1.035 
B23 183 .152 1.164 1.042 
B24 191 .168 1.164 1.042 
B25 200 .138 1.106 1.021 
B26 208 .156 1.152 1.035 
B27 216 .289 1.114 .993 
B28 224 .304 1.435 1.338 
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APPENDIX IX.  Point Count Results.  Values are number percentages. 
Location (km Glau- Horn- Tour- Black 
Sample from north)  Size Fraction conlte blende maline Opaques 
Bl 
B3 
B6 
B8 
BIO 
B12 
B14 
B16 
B18 
B21 
B23 
B25 
18 
43 
59 
76 
92 
109 
122 
142 
167 
183 
200 
1.75-2.250 62.0 2.3 4.0 31.7 
2.25-2.750 9.7 3.7 1.7 85.0 
1.75-2.250 88.3 2.0 3.7 6.0 
2.25-2.750 52.0 3.0 12.7 32.3 
2.75-3.250 3.3 0.7 4.0 92.0 
1.75-2.250 73.0 2.0 4.7 20.3 
2.25-2.750 42.0 4.5 4.5 48.9 
1.75-2.250 38.7 10.7 10.3 40.3 
2.25-2.750 17.3 11.0 7.7 64.0 
2.75-3.250 0.3 12.7 5.0 82.0 
1.75-2.250 54.2 2.5 14.2 29.2 
2.25-2.750 27.3 9.3 11.3 52.0 
1.75-2.250 0.3 4.0 11.0 28.0 
2.25-2.750 2.0 22.0 11.7 64.3 
2.75-3.250 0.0 35.7 6.0 58.3 
2.25-2.750 6.7 20.0 25.3 48.0 
2.75-3.250 1.7 25.7 14.0 58.7 
1.75-2.250 0.3 13.0 15.0 71.7 
2.25-2.750 0.3 22.3 12.7 64.7 
2.75-3.250 0.0 50.3 13.0 36.7 
2.25-2.750 0.3 65.3 18.7 15.7 
2.75-3.250 1.0 74.7 15.0 9.3 
2.25-2.750 0.7 42.7 15.0 41.7 
2.75-3.250 0.0 68.3 19.3 15.7 
2.25-2.750 1.0 60.7 27.7 10.7 
2.75-3.250 0.0 69.3 21.7 9.0 
2.25-2.750 0.3 59.3 9.0 31.3 
2.75-3.250 0.0 78.0 8.0 14.0 
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Location (km Glau- Horn- Tour- Black 
m.   «.*«.«;  '1W.L1UI i conice blende I malint ; Opaques 
B27 216 1.75-2.250 
2.25-2.750 
2.75-3.250 
0.0 
0.0 
0.0 
1.3 
1.7 
2.0 
7.3 
2.7 
1.7 
91.3 
95.7 
96.3 
B28 224 1.75-2.250 
2.25-2.750 
2.75-3.250 
0.0 
0.0 
0.0 
4.2 
6.0 
3.7 
8.3 
5.0 
1.3 
87.5 
89.0 
95.0 
S6 193 1.75-2.250 
2.25-2.750 
2.75-3.250 
0.0 
0.0 
0.0 
12.3 
13.7 
18.3 
6.7 
3.7 
2.3 
81.0 
82.7 
79.3 
S7 180 1.75-2.250 
2.25-2.750 
2.75-3.250 
0.7 
0.0 
0.0 
21.3 
10.3 
8.3 
15.3 
7.0 
2.3 
62.7 
82.7 
89.3 
S8 178 1.75-2.250 
2.25-2.750 
2.75-3.250 
0.0 
0.0 
0.0 
24.0 
13.7 
5.3 
10.0 
4.0 
1.3 
66.0 
82.3 
93.3 
S9 157 1.75-2.250 
2.25-2.750 
2.75-3.250 
0.3 
1.0 
0.0 
48.3 
30.7 
64.0 
7.7 
9.0 
8.7 
43.7 
59.3 
27.3 
S10 147 1.75-2.250 
2.25-2.750 
2.75-3.250 
4.7 
0.3 
0.0 
15.0 
28.0 
18.0 
10.3 
- 7.3 
3.7 
70.0 
64.3 
78.3 
Sll 147 2.25-2.750 
2.75-3.250 
0.3 
0.0 
40.7 
51.7 
11.0 
15.3 
48.0 
33.0 
S12 142 1.75-2.250 
2.25-2.750 
2.75-3.250 
0.3 
0.0 
0.0 
19.7 
24.7 
34.0 
18.0 
18.7 
6.0 
62.0 
56.7 
60.0 
S13 132 1.75-2.250 
2.25-2.750 
2.75-3.250 
0.0 
0.0 
0.0 
11.7 
12.7 
27.0 
7.0 
4.0 
4.7 
81.3 
83.3 
68.3 
S14 122 1.75-2.250 
2.25-2.750 
2.75-3.250 
1.7 
0.0 
0.0 
24.7 
10.0 
6.7 
5.7 
4.3 
0.7 
68.0 
85.7 
92.7 
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Location (km Glau- Horn- Tour- Black 
Sample from north)  Size Fraction conite blende mallne Opaques 
S15 
S16 
S17 
S18 
S19 
S20 
S21 
S22 
S23 
S25 
117 
106 
104 
94 
86 
81 
69 
59 
51 
36 
1.75-2.250 2.7 20.0 6.0 71.3 
2.25-2.750 2.3 12.0 5.3 80.3 
2.75-3.250 0.7 12.7 4.0 82.7 
1.75-2.250 2.0 19.0 7.3 71.7 
2.25-2.750 0.3 11.3 4.0 84.3 
2.75-3.250 0.3 20.0 3.0 76.7 
1.75-2.250 3.0 17.0 5.7 74.3 
2.25-2.750 0.0 9.7 2.0 88.3 
2.75-3.250 0.3 15.7 1.7 82.3 
1.75-2.250 0.0 15.3 7.7 77.0 
2.25-2.750 0.3 11.7 6.3 81.7 
2.75-3.250 0.0 15.7 2.7 81.7 
1.75-2.250 0.3 17.0 7.3 75.3 
2.25-2.750 0.0 7.7 3.3 89.0 
2.75-3.250 0.7 9.3 1.3 88.7 
1.75-2.250 0.0 8.0 3.3 88.7 
2.25-2.750 0.0 2.0 1.7 96.3 
2.75-3.250 0.3 7.3 3.7 88.7 
1.75-2.250 1.0 14.0 2.3 82.7 
2.25-2.750 0.0 10.3 3.3 86.3 
2.75-3.250 0.0 12.0 1.7 86.3 
1.75-2.250 6.7 10.0 1.3 82.0 
2.25-2.750 0.3 7.0 1.3 91.3 
2.75-3.250 0.0 13.7 1.3 85.0 
1.75-2.250 22.7 27.3 5.7 44.3 
2.25-2.750 1.3 15.0 3.3 80.3 
2.75-3.250 0.3 11.3 1.7 86.7 
1.75-2.250 2.7 34.0 8.0 55.3 
2.25-2.750 0.7 20.3 5.3 73.7 
2.75-3.250 0.0 7.0 2.0 91.0 
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Location (km Glau- Horn- Tour- Black 
S26 25 1.75-2.250 33.0 9.0 3.7 54.3 
2.25-2.750 6.7 19.3 4.3 69.7 
2.75-3.250 1.0 21.3 1.3 76.3 
S32 21 1.75-2.250 36.7 9.7 14.7 39.0 
2.25-2.750 15.0 12.3 7.3 65.3 
- 
2.75-3.250 2.7 22.0 2.0 73.3 
S33 30 1.75-2.250 21.3 0.7 1.3 76.7 
2.25-2.750 5.9 0.8 0.8 92.4 
S34 41 1.75-2.250 2.2 2.2 3i5 91.7 
2.25-2.750 0.3 4.7 4.0 91.0 
»'-•■ 2.75-3.250 0.3 18.7 3.3 77.7 
S36 63 1.75-2.250 5.0 8.3 10.3 76.3 
2.25-2.750 0.7 5.0 5.3 89.0 
2.75-3.250 0.0 5.7 0.7 93.7 
S37 72 1.75-2.250 0.0 6.0 8.7 85.3 
2.25-2.750 0.0 7.3 7.3 85.3 
2.75-3.250 0.3 7.0 4.0 88.7 
S38 86 1.75-2.250 0.0 3.0 6.3 90.7 
S39 96 2.25-2.750 0.0 23.7 8.7 67.7 
2.75-3.250 0.0 31.0 10.3 58.7 
S40 107 2.25-2.750 0.0 42.3 7.7 50.0 
2.75-3.250 0.0 69.3 5.7 25.0 
S41 119 2.25-2.750 0.0 41.3 6.0 52.7 
2.75-3.250 0.0 61.7 7.3 31.0 
S42 125 2.25-2.750 0.0 31.0 10.7 58.3 
2.75-3.250 0.0 47.0 12.7 40.3 
S43 135 1.75-2.250 0.3 44.3 14.3 41.0 
2.25-2.750 0.0 47.0 15.0 38.0 
2.75-3.250 0.0 63.7 8.7 27.7 
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APPENDIX IX.  (Continued) 
Location (km Glau- Horn- Tour- Black 
Sample from north)  Size Fraction conlte blende maline Opaques 
S44 
S45 
S46 
S47 
S48 
S49 
R2 
R3 
R4 
145 
150 
175 
186 
190 
195 
152 
122 
122 
2.25-2.750 3.3 44.7 8.0 44.0 
2.75-3.250 0.0 69.3 12.0 18.7 
1.75-2.250 0.0 45.7 4.7 49.7 
2.25-2.750 0.0 60.3 6.3 33.3 
2.75-3.250 0.7 74.0 3.3 22.0 
1.75-2.250 3.4 41.1 8.0 47.5 
2.25-2.750 3.3 40.7 7.3 48.7 
2.75-3.250 0.0 70.0 9.0 21.0 
1.75-2.250 0.0 9.3 6.3 84.3 
2.25-2.750 0.0 9.3 1.7 89.0 
2.75-3.250 0.0 13.3 3.0 83.7 
2.25-2.750 0.3 36.7 6.3 56.7 
2.75-3.250 0.0 35.7 4.3 60.0 
1.75-2.250 0.0 5.3 3.0 91.7 
2.25-2.750 0.0 26.0 5.0 69.0 
2.75-3.250 0.0 35.7 4.3 60.0 
1.75-2.250 0.0 0.3 0.7 99.0 
2.25-2.750 0.0 0.0 0.7 99.3 
2.75-3.250 0.0 0.3 1.3 98.3 
1.75-2.250 0.0 0.0 2.3 97.7 
2.25-2.750 0.0 0.0 2.3 97.7 
2.75-3.250 0.0 0.0 0.3 99.7 
1.75-2.250 0.0 0.3 0.7 99.0 
2.25-2.750 0.0 0,0 0.0 100.0 
2.75-3.250 0.0 0.3 0.3 99.3 
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APPENDIX X.  Textures of Shelf and River Samples. 
SHELF SAMPLES 
No. Texture 
56 Medium sand with shell fragments. 
57 Medium sand with shell fragments. 
58 Medium sand. 
59 * Fine sand with shell fragments and worm tubes. 
510 Fine to medium sand with shell fragments. 
511 Fine sand with shell fragments. 
512 Fine sand with shell fragments. 
513 Medium sand with shell fragments and worms. 
S1A     Medium to coarse sand with worms, shell fragments, 
and pebbles. 
515 Coarse to very coarse pebbly sand with shell fragments. 
516 Very coarse pebbly sand with shell fragments and cobbles. 
517 Medium pebbly sand with shell fragments. 
518 Coarse pebbly sand with sand dollars, shell fragments, and 
orange-colored fragments. 
519 Medium pebbly sand with shell fragments, clams, and 
sand dollars. 
520 Coarse pebbly sand with shell fragments and worms. 
521 Very coarse sand with pebbles. 
522 Coarse pebbly sand with worms. 
523 Very coarse sand. 
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APPENDIX X.  (Continued) 
SHELF SAMPLES 
No. Texture 
524 Mud with shell fragments and worms. 
525 Medium to coarse sand with shell fragments and worms. 
526 Medium to fine pebbly sand with shell fragments and cobbles. 
532 Medium sand with shell fragments. 
533 Coarse pebbly sand with worms. 
534 Coarse muddy sand with abundant shell fragments, and worms. 
535 Mud with large shells, pebbles, and worms. 
536 Medium sand with worms. 
537 Medium sand with worms. 
538 Coarse pebbly sand with worms. 
539 Fine muddy sand with shell fragments. 
SAO Fine muddy sand. 
541 Fine sand with shell fragments and worms. 
542 Fine muddy sand with shell fragments and worms. 
543 Fine sand with abundant worms, and shell fragments. 
544 Very fine muddy sand with plant debris, worms, and 
shell fragments. 
545 Very fine muddy sand with plant debris, worms, shell 
fragments, and snails. 
546 Fine sand with shell fragments. 
547 Coarse sand with shell fragments. 
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APPENDIX X.  (Continued) 
SHELF SAMPLES 
No.     Texture 
548 Fine muddy sand with worms and shell fragments. 
549 Fine muddy sand with mussels and shell fragments. 
RIVER SAMPLES 
No. Texture 
R2 Medium to coarse muddy sand with plant debris. 
R3 Medium to coarse muddy sand with plant debris. 
R4 Sandy and pebbly mud. 
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APPENDIX XI. Oblique Projection Matrices Resulting from Q-Mode 
Factor Analysis on Point Count Data. 
1.75 - 2.25 PHI FRACTION 
Location (km End Member Sample 
Sample from north) R3 12 S9 
Bl 2 .382 .893 .020 
B3 18 .000 1.000 .000 
B6 43 .197 .966 .010 
B8 59 .488 .680 .257 
BIO 76 .369 .875 .069 
B12 92 .772 .036 .254 
B16 122 .791 .016 .274 
B27 216 .979 .005 .032 
B28 224 .946 .005 .080 
S6 193 .847 .003 .212 
S7 180 .624 .022 .463 
S8 178 .618 .004 .477 
S9 157 .000 .000 1.000 
S10 147 .768 .071 .300 
S12 142 .635 .020 .444 
S13 132 .854 .003 .203 
S14 122 .628 .022 .464 
S15 117 .713 .037 .3.69 
S16 106 .727 .029 .355 
S17 104 .767 .040 .306 
S18 94 .797 .003 .275 
S19 86 .769 .006 .308 
S20 81 .915 -.000 .123 
S21 69 .837 .010 .222 
S22 59 .880 .079 .155 
S23 51 .325 .397 .638 
- S25 36 .371 .041 .711 
S26 25 .694 .515 .175 
S32 21 .487 .669 .260 
S33 30 .945 .267 .000 
S34 41 .976 .025 .035 
S36 63 .875 .072 .165 
S37 72 .923 .006 .111 
S38 86 .964 .004 .055 
S43 135 .004 .010 .997 
S45 150 .128 -.007 .908 
S46 175 .159 .052 .883 
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APPENDIX XI.  (Continued) 
1.75 - 2.25 PHI FRACTION 
Location (km 
Sample from north) 
S47 186 
S49 195 
R2 152 
R3 122 
R4 122 
End Member Samples 
M B3 S9 
.890 
.003 
.157 
.946 
.000 
.079 
1.000 
-.001 
.001 
1.000 
.000 
.000 
1.000 
-.001 
.001 
2.25 - 2.75 PHI FRACTION 
Location (km 
Sample from north) 
Bl 2 
B3 18 
B6 43 
B8 59 
B10 76 
B12 92 
B14 109 
B16 122 
B18 142 
B21 167 
B23 183 
B25 200 
B27 216 
B28 224 
S6 193 
S7 180 
S8 178 
S9 157 
S10 147 
Sll 147 
S12 142 
S13 132 
S14 122 
S15 117 
S16 106 
End Member Samples 
M B18 
.917 
.035 
.000 
.000 
.361 
.011 
.751 
.160 
.542 
.146 
.827 
.356 
.621 
.434 
.836 
.364 
.000 1.000 
.499 
.751 
.089 
.994 
.272 
.908 
.992 
.025 
.974 .081 
.948 
.174 
.952 
.143 
.947 
.176 
,763 
.486 
.817 
.422 
,599 
.678 
757 
.451 
951 
.162 
962 
.128 
932 
.160 
955 
.144 
B3 
.132 
1.000 
.756 
.310 
.553 
.051 
.214 
.026 
.000 
.021 
.051 
-.028 
.006 
.009 
-.001 
.012 
-.000 
.016 
.001 
-.000 
.043 
.001 
.004 
.038 
.006 
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APPENDIX XI.  (Continued) 
1.75 - 2.25 PHI FRACTION 
Location (km 
Sample from north) 
S47 186 
S49 195 
R2 152 
R3 122 
R4 122 
End Member Samples 
R3 B3 S9 
.890 .003 .157 
.946 .000 .079 
1.000 -.001 .001 
1.000 .000 .000 
1.000 -.001 .001 
2.25 - 2.75 PHI FRACTION 
Location (km End Member Samples 
Sample from north) R4 B18 B3 
Bl 2 .917 .035 .132 
B3 18 .000 .000 1.000 
B6 43 .361 .011 .756 
B8 59 .751 .160 ,.310 
B10 76 .542 .146' .553 
B12 92 .827 .356 .051 
B14 109 .621 .434 .214 
B16 122 .836 .364 .026 
B18 142 .000 1.000 .000 
B21 167 .499 .751 .021 
B23 183 
-.089 .994 .051 
B25 200 .272 .908 -.028 
B27 216 .992 .025 .006 
B28 224 .974 .081 .009 
S6 193 .948 .174 -.001 
S7 180 .952 .143 .012 
S8 178 .947 .176 -.000 
S9 157 .763 .486 .016 
S10 147 .817 .422 .001 
Sll 147 .599 .678 -.000 
S12 142 .757 .451 .043 
S13 132 .951 .162 .001 
S14 122 .962 .128 .004 
S15 117 .932 .160 .038 
S16 $ k      106 .955 .144 .006 
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APPENDIX XI.  (Continued) 
2.25 - 2.75 PHI FRACTION 
Location (km End Member Samples 
Sample from north) R4 B18 B3 
S17 104 .970 .115 -.002 
S18 94 .946 .159 .013 
S19 86 .973 .095 .003 
S20 81 .993 .025 .003 
S21 69 .964 .128 .001 
S22 59 .979 .080 .002 
S23 51 .932 .192 .015 
S25 36 .895 .281 .008 
S26 25 .846 .269 .100 
S32 21 .777 .180 .264 
S33 30 .959 .004 .075 
S34 41 .979 .062 .011 
S36 63 .972 .070 .020 
S37 72 .963 .106 .015 
S39 96 .855 .357 .005 
SAO 107 .617 .670 -.020 
S41 119 .653 .636 -.024 
S42 125 .757 .502 .005 
S43 135 .427 .812 .003 
S44 145 .510 ' \ 731 .038 
S45 150 .301 .894 -.044 
S46 175 .592 .658 .039 
S47 186 .972 .109 -.003 
S48 190 .715 .563 -.013 
S49 195 .856 .368 -.010 
R2 152 .999 .002 .002 
R3 122 . 996 .006 • .006 
R4 122 1.000 .000 .000 
2.75 - 3.25 PHI FRACTION 
Sample 
Location (km 
from north) 
End Member 
R3 
Samples 
B18 
B3 
B8 
B12 
18 
59 
92 
.998 
.967 
.785 
.015 
.162 
.532 
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APPENDIX XI.  (Continued) 
2.75 - 3.25 PHI FRACTION 
Location (km End Member Samples 
Sample from north) R3 B18 
B14 109 .845 .426 
B16 122 .478 .821 
B18 142 .000 1.000 
B21 167 .098 .979 
B23 183 .004 .992 
B25 200 .055 .990 
B27 216 .997 .024 
B28 224 .995 .041 
S6 193* .947 .228 
S7 180 .984 .096 
S8 178 .992 .059 
S9 157 .277 .928 
S10 147 .946 .230 
Sll 147 .420 .854 
S12 142 .806 .503 
S13 132 .883 .375 
S14 122 .989 .073 
S15 117 .969 .159 
S16 106 .936 .257 
S17 104 .959 .189 
S18 94 .959 .193 
S19 86 .982 .106 
S20 81 .986 .088 
S21 69 .974 .140 
S22 59 .968 .160 
S23 51 .976 .132 
S25 36 .988 .080 
S26 25 .930 .270 
S32 21 .922 .290 
S34 41 .943 .239 
S36 63 .991 1
 .061 
S37 72 .986 .086 
S39 96 .816 .485 
S40 107 .223 .945 
S41 119 .337 .901 
S42 125 .545 .773 
S43 135 .283 .925 
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APPENDIX XI.  (Continued) 
2.75 - 3.25 PHI FRACTION 
Location (km      End Member Samples 
Sample from north) R3        B18 
S44 145 
S45 150 
S46 175 
S47 186 
S48 190 
S49 195 
R2 152 
R3 122 
R4 122 
.139 .974 
.168 .958 
.168 .965 
.968 .162 
.338 .902 
.795 .517 
1.000 .005 
1.000 .000 
1.000 .003 
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